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With t h e  need f o r  i n c r e a s e d  p r o d u c t i o n  from New Z e a l a n d ' s  t r a d i t i o n a l  
r e s o u r c e  s t r e n g t h ,  l a n d ,  t h e  w a t e r s  of o u r  r i v e r s  c a n  be  s e e n  t o  make 
a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h i s  end v i a  i r r i g a t i o n .  But s u c h  u s e s  
o f  r i v e r  w a t e r  c a n  c o n f l i c t  w i t h  o t h e r  e x i s t i n g  and p o t e n t i a l  w a t e r  u s e s ,  
n o t a b l y  i n  t h e  rea lm o f  c o n s e r v a t i o n  and f i s h e r i e s .  These p o t e n t i a l  
c o n f l i c t s ,  and t h e  i n f o r m a t i o n  needed t o  h e l p  r e s o l v e  them, i s  t h e  t o p i c  
o f  t h i s  r e p o r t .  
The s t u d y  was under taken  by a  m u l t i - d i s c i p l i n a r y  team o f  e c o n o m i s t s ,  
g e o g r a p h e r s ,  p h y s i c i s t s ,  b i o l o g i s t s ,  s o c i o l o g ~ s t s  and p u b l i c  p o l i c y  and 
l e g a l  e x p e r t s  from a  range  o f  i n s t i t u t i o n s  i n  Can te rbury .  The p r o j e c t  
was s u p e r v i s e d  by Dr K . L .  L e a t h e r s ,  S e n i o r  Research Economist  i n  t h e  A . E . R . U .  
The p u b l i c a t i o n  o f  t h i s  r e p o r t  forms p a r t  o f  a n  e x i s t i n g  A . E . R . U .  programme 
o f  r e s e a r c h  i n  t h e  f i e l d  o f  n a t u r a l  r e s o u r c e  economics and management. 
T h i s  r e p o r t  shou ld  make a  v a l u a b l e  c o n t r i b u t i o n  n o t  o n l y  t o  t h e  
p r e s e n t  d e c i s i o n  problem r e g a r d i n g  t h e  Rakaia River  b u t  a l s o  t o  t h e  f u t u r e  
a p p r o a c h  t o  r e s e a r c h  by v a r i o u s  a g e n c i e s  r e s p o n s i b l e  f o r  t h e  development 
o f  t h e  c o u n t r y ' s  n a t u r a l  r e s o u r c e s .  I t  i s  i m p o r t a n t  f o r  such  a g e n c i e s  
t o  approach  t h e s e  d i f f i c u l t  i s s u e s  w i t h  a  m u l t i - o b j e c t i v e  p h i l o s o p h y ,  
i f  n o t  w i t h  a  m u l t i - d i s c i p l i n a r y  team of  q u a l i f i e d  p e r s o n n e l .  T h i s  phi losophy 
i s  i m p o r t a n t  because  t h e  r e s o l u t i o n  o f  i s s u e s  s u c h  a s  d e s c r i b e d  i n  t h i s  
r e p o r t  c a l l s  f o r  l o g i c a l  and i n t e g r a t i v e  t h i n k i n g  by a l l  concerned .  
P.D.  Chudle igh 
D i r e c t o r  
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i t .  More e f f o r t  went  i n t o  t h e  s t u d y  t h a n  was o r i g i n a l l y  e n v i s a g e d .  T h i s  
was p a r t l y  due t o  i n d i v i d u a l s '  e n t h u s i a s m  f o r  an  e x c i t i n g  a r e a  o f  a p p l i e d  
r e s e a r c h ,  b u t  a l s o  b e c a u s e  i t  became e v i d e n t  from t h e  i m p o r t a n c e  o f  t h e  
i s s u e s  t h a t  much c a r e  was needed i n  p r e s e n t i n g  a b a l a n c e d  a p p r a i s a l .  
The c o n c l u s i o n s  r e a c h e d  and recommendations,  however,  a r e  n o t  n e c e s s a r i l y  
endorsed  by t h e  f u n d i n g  agency o r  by L i n c o l n  C o l l e g e ,  n o r  s h o u l d  t h e y  
b e  a t t r i b u t e d  t o  any  o r g a n i s a t i o n s  o r  i n d i v i d u a l s  who c o - o p e r a t e d  i n  t h e  
s t u d y .  The s e n i o r  a u t h o r  a c c e p t s  r e s p o n s i b i l i t y  f o r  any r e m a i n i n g  e r r o r s  
and omiss ions  i n  t h e  f i n a l  e d i t i n g  o f  t h e  r e p o r t .  
SYNOPSIS OF FINDINGS 
Regional  a g e n c i e s  r e s p o n s i b l e  f o r  t h e  a d m i n i s t r a t i o n ,  p l a n n i n g ,  
development and management of wa te r  r e s o u r c e s  i n  Can te rbury  f a c e  some 
d i f f i c u l t  d e c i s i o n s  i n  t h e  n e a r  f u t u r e .  A p p l i c a t i o n s  For r i g h t s  t o  d i v e r t  
w a t e r  from t h e  Rakaia  t o  s u p p l y  two major  Community I r r i g a t i o n  Schemes 
may have t o  b e  d e c i d e d  i n  t h e  n e x t  1 2  months o r  s o .  On t h e  b a s i s  o f  p r e s e n t  
scheme d e s i g n s ,  i t  i s  p o s s i b l e  t h a t  t h e  p roposed  l e v e l  o f  a b s t r a c t i o n  
w i l l  a f f e c t  d e t r i m e n t a l l y  p r e s e n t  r e c r e a t i o n  and p r e s e r v a t i o n  u s e s  o f  
t h e  r i v e r .  The magni tude o f  t h i s  p o s s i b l e  l o s s  i n  r e g i o n a l  w e l f a r e  i s  
n o t  w e l l  e s t a b l i s h e d ,  w h i l e  t h e  a n t i c i p a t e d  r e g i o n a l  income and employment 
b e n e f i t s  o f  t h e  p r o p o s a l s  a r e  more c l e a r l y  u n d e r s t o o d .  The dilemma t h a t  
c o n f r o n t s  t h e  Regional  Water -Board is t h a t  t h e  w a t e r  a l l o c a t i o n  d e c i s i o n s  
w i l l  have  t o  b e  made w i t h  l i m i t e d  knowledge o f  t h e  consequences ,  e s p e c i a l l y  
when some o f  t h o s e  d e c i s i o n s  a r e  p o t e n t i a l l y  i r r e v e r s i b l e .  
A c o n s i d e r a b l e  amount o f  r e s e a r c h  i n  c o n n e c t i o n  w i t h  t h e  p r o p o s a l s  
h a s  been c a r r i e d  o u t  by t h e  Regional  Water Board,  M.W.D. and M.A.F. i n  
r e c e n t  y e a r s .  I n  some c a s e s  t h e  l e v e l  o f  u n d e r s t a n d i n g  abou t  c e r t a i n  
p a r a m e t e r s  needed f o r  a l l o c a t i o n  d e c i s i o n s  i s  more t h a n  adequa te  and s u p p o r t e d  
by w e l l  documented e m p i r i c a l  e v i d e n c e .  However, t h e r e  a r e  o t h e r  d e c i s i o n  
p a r a m e t e r s  f o r  which p r e s e n t  knowledge i s  i n a d e q u a t e  f o r  informed d e c i s i o n  
making, and s t i l l  o t h e r s  where v i r t u a l l y  no r e l i a b l e  i n f o r m a t i o n  e x i s t s .  
The purpose  o f  t h i s  s t u d y  h a s  been t o  e s t a b l i s h  what t h e s e  i n f o r m a t i o n  
"needs" a r e ,  t o  c a r e f u l l y  review and a s s e s s  p r e v i o u s  and ongoing r e s e a r c h  
d i r e c t e d  a t  f u l f i l l i n g  t h e s e  needs ,  and t o  recommend p r i o r i t y  r e s e a r c h  
a r e a s  which c a n  f i l l  g a p s  i n  knowledqe and which t a k e  accoun t  o f  nea r - t e rm 
and f u t u r e  p l a n n i n g  r e q u i r e m e n t s .  The work was c a r r i e d  o u t  by a m u l t i -  
d i s c i p l i n a r y  g roup  o f  s o c i a l  and p h y s i c a l  s c i e n t i s t s  w i t h  backgrounds  
i n  economic p r o j e c t  a p p r a i s a l  and s o c i a l  and e n v i r o n m e n t a l  i m p a c t s  a s s e s s m e n t .  
The f i n d i n g s  o f  t h e  Study Team can  be  summarized under f o u r  g e n e r a l  
r e s e a r c h  t o p i c  h e a d i n g s .  These concern :  ( 1 )  t h e  i r r i g a t i o n  p r o p o s a l s  
t h e m s e l v e s ,  ( 2 )  t h e  env i ronmenta l  i m p a c t s  o f  a b s t r a c t i o n  and development ,  
( 3 )  t h e  economic,  s o c i a l  and demographic i m p a c t s ,  and ( 4 )  t h e  l o n g e r - t e r m  
w a t e r  r e s o u r c e  development o p t i o n s  f o r  t h e  r e g i o n .  Other  c o n c e r n s ,  s u c h  - 
a s  t h e  i m p l i c a t i o n s  o f  p r e s e n t  w a t e r  law and government p o l i c i e s ,  m u l t i p l e  
u s e  development o p t i o n s  and r e g i o n a l  p l a n n i n g ,  a r e  c o n s i d e r e d  w i t h i n  t h e  
c o n t e x t  o f  t h e s e  g e n e r a l  h e a d i n g s .  I n  t o t a l ,  28 s p e c i f i c  s t u d i e s  o r  r e s e a r c h  
t o p i c s  were i d e n t i f i e d  by t h e  Study Team. R e l a t e d  i n v e s t i g a t i o n s  c u r r e n t l y  
b e i n g  c a r r i e d  o u t  by t h e  p l a n n i n g  a g e n c i e s  and t h e  d e g r e e  t o  which t h e s e  
a d d r e s s  t h e  Team's recommendations a r e  summarised i n  t h e  accompanying 
t a b l e .  
While many o f  t h e  recommended s t u d i e s  a p p e a r  t o  b e  covered  by r e g i o n a l  
i n v e s t i g a t i o n s  now underway, i t  is  n e c e s s a r y  t o  u n d e r s t a n d  t h a t  t h e s e  
p r e s e n t  e f f o r t s  a r e  l a r g e l y  d e s c r i p t i v e  i n  n a t u r e ,  and i n c l u d e  l i t t l e  
o f  t h e  e m p i r i c a l  a n a l y s e s  t h a t  a r e  s u g g e s t e d  i n  t h i s  r e p o r t .  Rigorous  
a n a l y s e s  which produce r e l i a b l e  p l a n n i n g  i n f o r m a t i o n  f o r  d e c i s i o n  makers 
r e q u i r e  time and c o n s i d e r a b l e  budget  a l l o c a t i o n s ,  n e i t h e r  o f  which a r e  
a v a i l a b l e  i n  t h e  time frame a l lowed  f o r  near- term d e c i s i o n s .  Consequen t ly ,  
a  method o f  s o r t i n g  o u t  h i g h e r  from lower  r e s e a r c h  p r i o r i t i e s  is o b v i o u s l y  
needed.  
I n  o r d e r  t o  r ank  t h e  i d e n t i f i e d  r e s e a r c h  n e e d s  i n  a  meaningful  way, 
t h e  Team a p p l i e d  f o u r  c r i t e r i a :  ( 1 )  t h e  s e n s e  o f  u r q e n c y i n  o b t a i n i n g  
t h e  n e c e s s a r y  i n f o r m a t i o n ,  ( 2 )  t h e  p o s s i b l e  i m p o r t a n c e  t h e  i n f o r m a t i o n  
might  have i n  t e r m s  of t o t a l  r e g i o n a l  impac t ,  ( 3 )  whether  o r  n o t  a  p o t e n t i a l  
d e c i s i o n  cou ld  l e a d  t o  i r r e v e r s i b i l i t i e s ,  and ( 4 )  t h e  c o s t  o f  o b t a i n i n g  
' t h e  i n f o r m a t i o n  needed.  Each proposed i n v e s t i g a t i o n  was s c r u t i n i s e d  i n  
l i g h t  o f  t h e s e ,  and t h e  r e s u l t i n g  p r i o r i t i e s  i n d i c a t e d  by a  "h igh" ,  "moderate"  
o r  "low" r a n k i n g  were  o b t a i n e d .  (See  accompanying t a b l e ) .  
-. 
Of t h e  1 4  s t u d y  t o p i c s  r e c e i v i n g  h i g h  p r i o r i t y  emphas i s ,  f i v e  a r e  
a p p a r e n t l y  n o t  b e i n g  i n v e s t i g a t e d  a t  t h i s  t i m e .  Only two o f  t h e  1 4  a r e a s  
c a n  b e ' r e g a r d e d  a s  b e i n g  a d e q u a t e l y  covered  by ongo ing  i n v e s t i g a t i o n s .  
However, t h e  d i v i d i n g  l i n e  between moderate  and h i g h  p r i o r i t y  r e s e a r c h  
n e e d s  is  h i g h l y  s u b j e c t i v e  and ,  t h e r e f o r e ,  t h e  S tudy  Team recommended 
a re -examina t ion  o f  t h e s e  r e s u l t s  u s i n g  d i f f e r e n t  w e i g h t i n g  schemes which 
c o u l d  b e t t e r  r e f l e c t  i n d i v i d u a l  agency o r  p l a n n i n g  b o d i e s '  concerns .  
The r e s e a r c h  needs  which s t a n d  o u t  a s  d e s e r v i n g  immediate  a t t e n t i o n  
a r e :  ( 1 )  t h e  economic v a l u e  o f  s e a s o n a l  i r r i g a t i o n  w a t e r  s u p p l i e s ,  from 
SUMMARY OF RESEARCH TOPICS AND PRIORITIES 
I N  RELATION TO INVESTIGATIONS CURRENTLY UNDERWAY* 
Issues  and Topics Suggested 
For  F u r t h e r  Study 
Research E x t e n t  o f  Coverage by 
P r i o r i t y  Regional  P lann ing  
Ranking Agency Ongoingl I n v e s t i g a t i o n s  
A. The I r r i g a t i o n  P lans  ( a s  proposed) : 
In t raseasona l  Water Values 
Economic L i m i t s  t o  Groundwater 
Oppor tun i t y  Costs of  Groundwater 
Opt imal  Scheme Water Supply 
Cost Shar ing and F inance E f f e c t s  
I r r i g a t i o n  Land Use 
Con junc t i ve  Use under 'One P l a n '  
Refinement o f  Secondary Impacts 
B. S o c i a l  and Demographic Impacts: 
Base l i ne  Data Surveys 
Review of ongoing I r r i g a t i o n  P r o j e c t s  
Assessment o f  ' L o c a l '  Resources 
Regional  Development Leakages 
C. Impacts on t h e  Environment:  
Commercial Salmon Ranching 
Recrea t ion  I m p l i c a t i o n s  
F i s h  and W i l d l i f e  ' a t  R i s k '  
F i s h e r y  Enhancement Prospects  
Hyd ro -B io l og i ca l -Hab i t a t  Mode l l i ng  
Ins t ream Values 
Drainage Problems 
Human Hea l t h  I m p l i c a t i o n s  
Coasta l  E ros ion  
D. Fu tu re  Water Resource Developments: 
I n t e r  Catchment T rans fe r s  
F i she ry  Enhancement f rom Storage 
~ e v e n u e  Shar ing  w i t h  HEP 
Regional  Development B e n e f i t s  
Lake Co le r i dge  Storage 
B e n e f i t s  o f  A d d i t i o n a l  E l e c t r i c i t y  
H igh  
H igh  
H igh  
H igh  








H igh  
H igh  







H igh  
H igh  
High 




























Summarised from Table 9.1 and Table A5.1. 
1 .  Abbrev ia t ions :  N o r t h  Canterbury Catchment and Reg iona l  Water Boards (NCCB) 
and t h e  Canterbury U n i t e d  Counc i l  (CUC). The l e t t e r s  i n d i c a t e  t h e  adequacy 
t h a t  p resen t  i n v e s t i g a t i o n s  w i l l  s a t i s f y  t h e  i n f o r m a t i o n  needs i d e n t i f i e d  
by t h e  s tudy  team: , a  = c u r r e n t l y  n o t  under s tudy ,  b = l a r g e l y  d e s c r i p t i v e  
and i n v o l v i n g  l i m i t e d  ana l ys i s ,  and c = r e s u l t s  w i l l  p robab l y  be s u f f i c i e n t  
t o  s a t i s f y  t h e  i n f o r m a t i o n  needs i d e n t i f i e d  by t h e  s tudy  team. 
a l t e r n a t i v e  sources and i n  d i f f e r e n t  combinat ions,  t o  Canterbury farmers;  
( 2 )  t h e  r o l e  o f  hydro-power development as an a d j u n c t  t o  i r r i g a t i o n ,  
p a r t i c u l a r l y  i n  r ega rd  t o  t h e  apparent  r e g i o n a l  socio-economic b e n e f i t s  
o b t a i n a b l e  from m u l t i p l e  use p l a n n i n g  o f  t h e  Rakaia R i v e r ;  and ( 3 )  t h e  
env i ronmenta l  and economic b e n e f i t s  a t t r i b u t a b l e  t o  t h e  R i v e r ,  emphasising 
what t h e  r e g i o n a l  b e n e f i t s  t o  Canterbury w i l l  be under  a l t e r n a t i v e  water 
use arrangements i n  t h e  f u t u r e .  
( v i i i )  
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This repor t  presents the r e s u l t s  o f  a mu l t i - d i s c i p l i na r y  research 
p r o j e c t  funded by the M i n i s t r y  of  Works and Development t o  review and 
evaluate the economic, s o c i a l  and environmental impacts o f  developing 
t he  water resources o f  the Rakaia River  catchment. It has become c lea r  
i n  recent  months t h a t  competing, poss ib ly  c o n f l i c t i n g ,  uses are being 
proposed f o r  t h i s  resource and t h a t  the re levan t  au thor i t y ,  the North 
Canterbury Catchment and Regional Water Boards, w i l l  soon be faced 
w i t h  a l l o c a t i o n  decisions. These decis ions must be made i n  a context  
which al lows f u l l ,  f rank and informed discussion on a l l  the opt ions 
and t h e i r  imp l i ca t ions .  
I t  cannot be emphasised too  s t rong ly  t h a t  the authors o f  t h i s  
r epo r t  do no t  assume any advocacy r o l e  i n  the mer i ts  o r  otherwise o f  
t he  i r r i g a t i o n  proposals r e l a t i v e  t o  other use options. Rather, the 
purpose of t h i s  study has been t o - d e t a i l  ob j ec t i ve l y  the r eg iona l  economic 
and s o c i a l  imp l i ca t ions  o f  i r r i g a t i o n  development as a f oca l  p o i n t  
t o  the ana lys is  o f  wider issues i n  water resource use and management. 
Furthermore, the r epo r t  i s  based on the c o l l a t i o n  o f  e x i s t i n g  in fo rmat ion  
r a the r  than on primary research. I t  therefore presents an overview 
of  the types of probable impacts and i n d i c a t i v e  estimates o f  t h e i r  
magnitude which w i l l  be use fu l  i n  assessing future research and planning 
needs. 
1.1 Statement o f  the Problem 
The problem focus o f  t h i s  study i s  the economic and s o c i a l  i m p l i -  
ca t ions o f  large-scale Community I r r i g a t i o n  Scheme development i n  c e n t r a l  
Canterbury. Two major schemes have been proposed, one south of the  
Rakaia River  known as the Lower Rakaia Scheme and the other no r t h  o f  
the  r i v e r  known as the Cen t ra l  P l a i ns  Scheme. I n  t o t a l ,  these two 
i r r i g a t i o n  p ro j ec t s  w i l l  supply water abstracted from the  Rakaia t o  
some 400 farms, b r i ng i ng  under i r r i g a t i o n  an add i t i ona l  80,000 t o  100,000 
hectares o f  land c rea t i ng  new income and employment oppor tun i t i es  and 
a more s t ab le  a g r i c u l t u r a l  base t o  a reg iona l  economy now sub jec t  t o  
t he  vagaries o f  dry land farming. Yet the proposed development i s  h i g h l y  
con t rovers ia l .  Why? 
The Rakaia River is the largest in Canterbury, with a mean annual 
flow of about 200 cubic metres per second (cumecs). It is a braided 
vsnow" river of-a classic type, found in few areas of the world, with 
periodic flood events sometimes exceeding 3,500 cumecs in the Spring, 
wiping bare its sparsely vegetated islands and margins over a two kilo- 
metre wide shingle bed. Winter flows, with a much lower glacial silt 
load than in the summer, have been recorded below 80 cumecs at the 
2 Rakaia Gorge, where the 2,640 km catchment on the eastern side of 
the Southern Alps drains on to the Central Canterbury Plains. Apart 
from small abstractions for stockwater, several small (mostly private) 
irrigation schemes, and two small hydro-electric plants (only one of 
which involves the diversion of a tributary), the Rakaia remains virtually 
undeveloped in its present state. Its current economic and social 
worth to the region derives primarily from its recreational amenities 
and "scarcityH value. 
The proposed developments pose a spectre of irreversible loss 
in the utility of the river's present use. The past experience of 
water abstraction and storage on other riversystems in Canterbury, 
and elsewhere, shows that developmental uses are not always compatible 
with instream uses such as recreational angling. In fact, many South 
Island rivers so familiar in New Zealand's rich angling literature 
are but shadows of their former selves today. The public concern expressed 
over the proposals therefore has valid historical roots, dating back 
to a time of single purpose development projects in an era of abundant 
natural water supplies "wasting to the sea". 
The times and the circumstances are now changed; there is no looking 
back. Natural flowing surface waters are limited in supply and they 
are being called upon to serve a growing multitude of uses, some of 
which are inherently competitive. Regional and national planners and 
policymakers face an increasingly difficult task in deciding water 
allocations that reflect the genuine needs of society. Because water 
resource development decisions tend to have long term implications, 
the needs of future generations must also be anticipated. 
In the near future, decisions will be taken on water right allo- 
cations for the proposed Community Irrigation Schemes. The implications 
of not granting the rights to abstract river water for the proposed 
beneficial  use are  reasonably wellknown, b u t  the impacts of the level  
of abstraction contemplated on current instream (a lso  beneficial)  uses 
are  poorly understood. The potent ial ly  adverse e f f ec t s  of a  reduced 
low flow regime concern, for  example, recreation, amenity and s c i e n t i f i c  
in t e re s t s  associated w i t h  the r i v e r ' s  t rout  and salmon fishery and 
i ts natural environs for unique and rare  animal species. Given these 
and other beneficial  b u t  potent ial ly  competing needs, the issue is  
one of how to  determine an e f f i c i en t  and equitable allocation rather  
than a  decision t o  abstract or not t o  abstract .  
Because of the unique nature of water i t s e l f ,  i ts  use often can 
r e su l t  i n  perplexing consequences tha t  can trouble water planners. 
Expensive drainage and reclamation of once productive lands s i tuated 
i n  low-lying areas and the contamination of groundwater used for domestic 
purposes are  well known side e f f ec t s  tha t  can occur w i t h  i r r iga t ion .  
A l l  too often such consequences a re  unforeseen a t  an early enough stage 
i n  planning to  be avoided, resul t ing i n  considerable social  costs  t o  
be borne by the tax paying public a t  a  la te r ' t ime.  Both r i s ing  water 
tables  and n i t r a t e  contamination of groundwater are potential  problems 
i n  Canterbury. I n f l e x i b i l i t i e s  a l so  can occur i n  water planning i f  
water projects proceed incrementally without careful reference t o  future 
planning needs. A present a l locat ion decision can permanently l i m i t  
future planning options, par t icular ly when parts of a  hydrologic system 
are  developed independently and a t  different  points i n  time. 
I n  Canterbury, considerable quant i t ies  of groundwater ex i s t  under 
both scheme areas which are  designated for surface i r r iga t ion .  Develop- 
ing the groundwater resource is  a  possibi l i ty  tha t  could leave more 
water i n  the r iver  to  sa t i s fy  instream needs, b u t  re l iab le  information 
on the amount tha t  can be economically abstracted and sustained over 
time is not yet available.  Another potential  source of i r r iga t ion  
water is lake storage behind reservoirs  i n  the upper catchment. Detailed 
investigations of hydro power development i n  conjunction w i t h  i r r iga t ion  
and other water uses and. t ransfers  w i t h i n  and between the r iver  catch- 
ments i n  Central Canterbury would be required to  fu l ly  ra t iona l i se  
water resources planning i n  the region. 
Unfortunately, certain planning decisions must be taken in the 
very near future which highlight another important characteristic of 
the problem faced by Regional Water Boards: having to make important 
choices in the absence of full information about the consequences. 
There is an urgent need at this time to carefully assess what is known 
and not known, and to identify the critical information needs that 
require attention in the near term. Consequently, this means discrim- 
inating between near and longer term policy issues in order to focus 
research and planning efforts in a way that will be most effective 
to decision makers. 
1.2 General Terms of Reference 
Gaps in knowledge exist concerning the likely impacts of the pro- 
posed irrigation schemes for the Lower Rakaia and Central Plains, par- 
ticularly with regard to demographic, environmental, economic growth 
and related concerns. A sound, empirical analysis of these issues 
was proposed in a two phase research programme. Phase One would review 
existing knowledge about water use and irrigation development in the 
region, emphasising the need to establish tbe relative importance (order 
of magnitude) of the anticipated socio-economic impacts. The second 
phase of study would comprise more detailed issue-oriented analyses 
of aspects identified in Phase One as priority research needs. The 
present study, which reports on Phase One, had the following general 
terms of reference: 
(i) To identify the possible regional economic impacts, primary 
and secondary, that would likely result from implementing the 
proposed Community Irrigation Schemes in central Canterbury; 
(ii) to identify the possible social impacts of irrigation develop- 
ment, including effects on regional and community employment, 
migration and settlement patterns and related social services; 
(iii) to identify the possible environmental impacts of water manage- 
ment and development options, including water-based recreation 
activities, wildlife and habitat preservation and the potential 
for commercial salmon ranching; 
(iv) to identify other possible water resource developments that 
could occur in the future and their likely interaction with 
irrigation and environmental uses; 
(v) to develop an appropriate analytical framework for analysing 
the problem and issues including national, regional and 
community objectives and the implications of trade-offs arising 
from water development alternatives; and 
(vi) to integrate this knowledge as a means of identifying priority 
information needs to focus the Phase Two research effort. 
Within these broad terms of reference more specific research objec- 
tives were formulated to guide the review and assessment of available 
information. These are outlined below in the context of the general 
problem issues studied. 
The Detailed Study Objectives 
A concern of increasing importance to decision makers who must 
evaluate the comparative merits of alternative investment projects 
is the extent to which these projects contribute to regional development. 
The impacts on local employment and household income are generated 
directly in the form of new jobs and increased production andindirectly 
through the stimulus provided to local business as a result of increased 
economic activity and consumer spending. From a regional perspective 
these indirect or secondary effects can be just as important as the 
direct'effects. 
Accordingly, consideration is given to describing and quantifying 
(where' possible) the economic regional development impacts of the proposed 
Community Irrigation Schemes. Specifically, the study: 
(i) reviews previous research on the economic impacts of 
irrigation development; . 
(ii) describes community and privately owned irrigation develop- 
ment in the region and options proposed for the foreseeable 
future; 
(iii) assesses the physical impact of irrigation development 
on the agricultural sector in terms of land use patterns, 
crop and stock productivity, the potential for horti- 
culture, and farm inputs, labour and income; and 
( i v )  evaluates the linkages between sub-sectors of the regional 
economy w i t h  particular reference t o  agriculture,  and 
assesses the secondary impacts which could be generated 
by developing the Community I r r iga t ion  Schemes. 
A t  present there is  a paucity of information on the possible soc ia l  
and demographic impacts of i r r iga t ion  development i n  Canterbury. I n  
par t icular ,  there is  a need t o  establish the l ike ly  consequences of 
large-scale i r r iga t ion  schemes on regional and community employment, 
migration and settlement patterns and the provision of economic and 
' social  services.  Accordingly, specif ic  tasks for  t h i s  part  of the 
s t u d y  included: 
(i) assessment of the present socio-demographic s i tuat ion 
i n  Central Canterbury; 
(ii) a review of existing knowledge about the socio-economic 
impact of i r r iga t ion  i n  Canterbury and North Otago; 
(iii) a preliminary assessment of possible i r r iga t ion  impacts 
i n  Central Canterbury; and 
( i v )  development of a framework for more detailed investi-  
gation. 
The consequences of an a l te ra t ion  i n  thephysicalenvironment a re  
among the l e a s t  understood impacts of i r r iga t ion  development. Recreation, 
protection of wi ld l i fe  habi tats ,  commercial freshwater fishery develop- 
ment and other "instream" uses of Rakaia River water are recognised 
i n  conjunction w i t h  i r r iga t ion  abstraction, b u t  t he i r  re la t ive  importance 
i n  terms of comparable social  benefits have yet t o  be established. 
Informed decision making w i t h  respect t o  choices tha t  have the potent ial  
for i r revers ib le  consequences requires a careful  balancing of potent ial  
gains and losses.  Accordingly, the a b i l i t y  t o  measure "preservation" 
and "developmentn impacts on a comparable basis  deserves urgent a t tent ion 
by social  s c i e n t i s t s .  
Hence, spec i f tc  objectives i n  t h i s  area are:  
(i) ident i fy the recreation, preservation and other amenity 
aspects Ifat r isk" due t o  i r r iga t ion  development; 
(ii) explore the possibilities of irrigation development 
"enhancingM recreation opportunity; 
.(iii) provide a preliminary assessment of the future develop- 
ment of commercial salmon ranching; 
(iv) examine available evidence concerning the probable effects 
of large-scale irrigation on groundwater resources, par- 
ticularly the potential problems of drainage and water 
quality; and 
(v) establish a priority listing of research needs with 
respect to the environmental implications of future 
irrigation development in Canterbury. 
The potential development of the Rakaia River for hydro power 
is an important longer term consideration for the region. The multiple 
use implications of a major hydro development scheme are at present 
not widely understood, and for this reason, a considerable effort was 
made to examine the present irrigation proposals in light of future 
water resource development options. The specific objectives which 
guided this examination included: 
(i) a detailed review of the hydro power development proposals 
that have been suggested for the river; 
(ii) an assessment of the current irrigation plans - their 
economic, social and environmental implications - in the 
.absence of hydro power development; and 
(iii) an assessment of the possible social and economic conse- 
quences, including environmental impacts, of a multi- 
purpose water resource development plan that would include 
.irrigation, power and fishery (both recreational and 
commercial) enhancement as joint project outputs. 
Analytical tools and frameworks for evaluating alternative water 
development policies, esp~cially when policy choices involve complex 
tradeoffs between uses whose implications are not fully understood 
or easily compared, are needed at both the national and regional levels. 
In this part of the study attention is focused on the existing institu- 
tional-legal-planning uframeworkff within which water resource policies 
and plans are now framed, and on the channels and processes through 
which information passes and decisions a re  made regarding Community 
Irr igat ion Scheme development. W i t h i n  t h i s  "social  contextt1 an analyt- 
i c a l  framework which can aid policymakers and planners i n  identifying 
and evaluating the economic and social  implications of water allocation 
decisions i s  described. 
Accordingly the spec i f ic  objectives associated w i t h  t h i s  aspect 
of the review were: 
(i) t o  describe (and i n  some cases t o  evaluate) present water 
in s t i tu t ions ,  laws and policies re la t ing  to  the planning 
and implementation of a Community I r r iga t ion  Scheme; and 
(ii) t o  develop an analyt ical  framework for  use i n  evaluating 
regional water allocation pol icies  which confront confl ic t-  
ing in t e res t s ,  multiple social  objectives and uncertain 
consequences. 
1.4 Review Framework, Data Sources and Limitations 
T h i s  s t udy  was undertaken by a team of soc ia l  s c i e n t i s t s  repre- 
senting the sub-disciplines of economics, public policy, law, sociology, 
and geography. Accordingly, extensive reliance on the assistance and 
judgement of professionals i n  the physical and biological sciences 
was necessary i n  assembling the technical information base upon which 
the Study Team's conclusions are  based. 
A s  the terms of reference suggest, a broad range of in te res ts  
and topics was scrutinised. The empirical data reviewed and discussed 
in  t h i s  report  were obtained almost solely from secondary (published) 
sources. I n  some cases judgemental information provided by experts 
working on part icular  aspects of the problem was necessary where relevent 
l i t e r a t u r e  was non-existent or was yet t o  be published for public 
dissemination. The confident ial i ty  of information of a proprietory 
nature and comments made to  the members of the Team through personal 
communications has been respected i n  t h i s  report .  
Preliminary d ra f t s  of the individual chapters were reviewed a t  
several stages i n  t h e i r  development f i r s t  in te rna l ly  and l a t e r  w i t h  
the help of collaborators outside the Study Team who provided assistance 
i n  gathering much of the data. The overall  d raf t  report was then sub-  
mitted to  a more formal review by the loca l  and regional planning agencies 
and regional o f f i ces  of national government. The present report has 
benefited markedly from t h i s  interchange of ideas and cr i t ique.  
The s t u d y  suf fers  from the usual l imitat ions imposed by time and 
financial  resources which constrain i ts breadth of coverage and accuracy 
of de ta i l .  In several instances the authors resorted t o  "ball-parkn 
guestimates of the magnitude of cer tain impacts, i n  particular the 
recreation and amenity implications that  could r e su l t  from single purpose 
water developments and the potential  benefits accompanying the development 
of groundwater, and the reader iscautioned to  respect the tentat ive 
basis upon which these estimates are  put forward. I t  should go without 
any special emphasis tha t  a s t u d y  of t h i s  nature is oriented to  s t imu-  
l a t ing  thought about issues of considerable public importance, whose 
importance derives,  i n  par t ,  from the uncertainty surrounding the i r  
actual magnitudes. 
1.5 Organisation of the Report 
The r e su l t s  of t h i s  investigation are  presented i n  eight chapters 
which are more or l e s s  self-contained i n  terms of subject matter. 
I n  Chapter 2 the recently advanced proposals for  two major Community 
Irr igat ion Schemes requiring a water r ight  from the Rakaia River are 
described as  a backdrop to  the discussion of water allocation policy 
issues. I n  t h i s  chapter the basic assumptions which underlie the nature 
of these proposals a re  documented for reference i n  subsequent chapters. 
Chapter 3 presents an overview of the enabling leg is la t ion  which 
brings Community I r r iga t ion  Schemes into being, and elucidates cer tain 
aspects of present water law and public i r r iga t ion  development policy 
and planning procedures tha t  are  germane t o  immediate concerns i n  regional 
water allocation and the social  and economic assessment of water policy 
and management options. In addition to  providing insights  into areas 
requiring more careful  future examination, t h i s  discussion provides 
the essent ial  soc ia l  context for the discussion presented i n  Chapter 8 
which outlines a conceptual/analytical framework for  studying regional 
water resource al locat ion and planning a l te rna t ives .  
The l i k e l y  pr imary and secondary economic impacts o f  the  i r r i g a t i o n  
proposals on the r eg iona l  economy are repor ted i n  Chapter 4. The phys ica l  
product ion p o t e n t i a l s  and s u i t a b i l i t y  o f  the reg ion are examined i n  
l i g h t  o f  the a v a i l a b i l i t y  o f  water f o r  i r r i g a t i o n ,  and the ' f low-on'  
e f f e c t s  o f  large-scale i r r i g a t i o n  development i n  terms o f  expected 
reg iona l  income and employment impacts are discussed. 
The s o c i a l  and demographic imp l i ca t ions  are taken up i n  Chapter 5. 
A conceptual framework f o r  assessing such changes i s  discussed, and 
the in format ion needs requ i red  t o  make d e f i n i t i v e  statements about 
i r r i g a t i o n  development-induced changes i n  r u r a l  communities are described. 
The a b i l i t y  o f  r u r a l  communities t o  respond t o  the i n f r a s t r u c t u r e  requ i re-  
ments and oppor tun i t i es  presented by major cons t ruc t ion  and longer-term 
development a c t i v i t i e s ,  which under present circumstances would be 
beyond t h e i r  capaci ty t o  cope w i t h  i s  emphasised. 
Chapter 6 r epo r t s  t he  p o t e n t i a l  environmental impacts o f  the cur rent  
proposals t o  abs t rac t  and use Rakaia River  water. While the imp l i ca t ions  
are obviously far-reaching, espec ia l l y  t o  the many i n t e r e s t  groups 
t h a t  have expressed concern over the proposals, the Study Team concen- 
t r a t e d  i t s  e f f o r t s  on what are  be l ieved t o  be the most c r i t i c a l  issues 
conf ront ing r eg iona l  planners i n  the  near term, i .e .  i n fo rmat ion  t h a t  
could in f luence the  g ran t ing  o f  water r i g h t s  which are  scheduled f o r  
a Tr ibuna l  hear ing i n  l a t e  1983. Research needs, some o f  which appear 
t o  be o f  a h igher p r i o r i t y  than others, are described. The p o t e n t i a l  
l o ss  o f  w i l d l i f e  h a b i t a t  i s  a primary concern, as i s  the  p o t e n t i a l  
"created by" i r r i g a t i o n  and other forms of water f low mod i f i ca t ion .  
The possib le s o c i a l  and economic impl ica t ions,  both adverse and bene- 
f i c i a l ,  are noted, i n c l u d i n g  the imp l i ca t ions  f o r  commercial salmon 
ranching ventures on the  River  which a lso  have an impending water r i g h t  
c la im ( t o  a minimum a l lowable  low flow) and which cou ld  prove t o  be 
a use h igh ly  b e n e f i c i a l  t o  the  reg iona l  community i n  the  fu ture .  
The discussion i n  Chapter 7 extends the scope o f  the  review t o  
f u t u re  considerat ions regarding opt ions for  water resource development 
t h a t  present a d i f f e r e n t  out look on the present i r r i g a t i o n  proposals 
and the attendant environmental concerns. The i n d i c a t i v e  r eg iona l  
bene f i t s  o f  la rge-sca le  hydro power development o f  t h e  Rakaia River  
are presented, and the potential benefits of considering electricity 
generation in association with irrigation are explained. Possibilities 
that a multi-purpose regional water development approach may enhance 
recreational benefits are also explored in this chapter. 
In Chapter 8 we briefly outline our thinking on an appropriate 
assessment framework for dealing with the water allocation issues now 
confronting the Regional Water Board. The suggested analytical approach 
is premised on conditions that will lead to economically efficient 
and socially equitable solutions. Suggestions on how to deal with 
potential irreversibilities and intergenerational concerns, especially 
with respect to present decisions that must be made without the benefit 
of full information, are discussed in the context of actual water resource 
policy and management options that are currently under study by the 
planning agencies. 
Finally, Chapter 9 summarises the recommendations for further 
study and reports the Team's conclusions as to "priority" research 
needs. The criteria used to "rank" the various research proposals 
that might constitute Phase Two investigations are explained, and the 
designated "highv1 priority research areas are discussed in relation 
to some ongoing studies by the Regional Water Board and other responsible 
regional and national agencies of government. 

CHAPTER 2 
IRRIGATION FROM THE R A K A I A  RIVER: 
OVERVIEW AND IDENTIFICATION OF PLANNING IMPLICATIONS 
2.1 In t roduc t ion  
The Cent ra l  P l a i ns  I r r i g a t i o n  Scheme (CPIS) and the  Lower Rakaia 
I r r i g a t i o n  Scheme (LRIS) are  two proposed community i r r i g a t i o n  p ro j ec t s  
t ha t  requ i re  the abs t rac t ion  of s i g n i f i c a n t  amounts o f  water from the 
l Rakaia River. Over the  summer period, when crop and pasture i r r i g a t i o n  
demands are h ighest ,  on some days the proposed abst rac t ions could amount 
t o  about 40 percent of the r i v e r ' s  t o t a l  flow. I t  i s  poss ib le  t h a t  
t h i s  l e v e l  of p o t e n t i a l  abs t rac t ion  would have a  de le te r ious  e f f e c t  
on the R i ve r ' s  spor t  f i shery ,  rec rea t iona l  use and o ther  a t t r i bu tes .  
However, i r r i g a t i o n  i s  necessary i n  Canterbury t o  overcome the l i m i t a -  
t i o n s  t h a t  seasonal drought places on the r eg ion ' s  ag r i cu l t u re .  I r r i g a t i o n  
i s  a lso  viewed as a  major s t imulus  t o  the r eg ion ' s  growth through more 
in tens ive  land use and greater  p roduc t i v i t y .  
The purpose of t h i s  chapter i s  t o  provide background informat ion 
on the i r r i g a t i o n  proposals as a  base of reference f o r  the review o f  
issues contained i n  the  chapters which fol low. 
  he discussion begins 
w i t h  a  desc r ip t ion  of the proposals t o  u t i l i s e  water from the Rakaia 
River f o r  i r r i g a t i o n .  Fo l lowing t h i s ,  the imp l i ca t i ons  o f  water abstrac- 
t i o n  on the R i v e r ' s  summer f low are examined through an ana lys is  o f  
f low durat ion curves. Since the Rakaia River  i s  no t  the  on ly  source 
from which the water requirements of the i r r i g a t i o n  schemes could be 
met, a  desc r ip t ion  o f  t he  groundwater resources of  the Rakaia reg ion 
i s  a l so  presented. The next  sect ion summarises the  o v e r a l l  economics 
o f  the i r r i g a t i o n  scheme a l te rna t i ves .  I n  p a r t i c u l a r ,  the e f f ec t  o f .  
a l t e r i n g  the balance between r i v e r  abs t rac t ion  and groundwater develop- 
ment i s  h igh l igh ted .  The f i n a l  sect ion i n  t h i s  chapter draws conclu- 
s ions from the discussion and i d e n t i f i e s  areas where f u r t h e r  research 
might be u s e f u l l y  concentrated. 
A t h i r d  scheme, j u s t  r ecen t l y  proposed, would d i v e r t  water from 
Lake Heron i n  t he  upper Rakaia catchment t o  i r r i g a t e  a  5,000 t o  
10,000 hectare b lock  i n  the  B a r r h i l l  area. Since the d e t a i l s  
o f  t h i s  proposal are  no t  known i t  was excluded from considerat ion 
i n  the present study. 
2.2 The Current Proposals 
Figure 2.1 i l l u s t r a t e s  the spa t i a l ex ten t  o f  the proposed Community 
I r r i g a t i o n  Schemes between the Ashburton and Waimakariri Rivers i n  
~ a n t e r b u r ~ . ~  Both the CPIS and IRIS p ro jec ts  would requ i re  subs tan t ia l  
amounts o f  water from the Rakaia, given t ha t  the combined area of these 
two schemes w i l l  be about 190,000 ha, 125,000 ha i n  the  CPIS and 65,000 ha 
i n  the LRIS. While the t o t a l  p o t e n t i a l  coverage o f  these two major 
i r r i g a t i o n  schemes i s  reasonably w e l l  defined, the source and quant i ty  
o f  water suppl ied t o  each scheme has not  been f ina l i sed ,  although the 
prefer red design a l t e r n a t i v e  w i l l  u t i l i s e  water from both the Rakaia 
River and groundwater. 
Table 2.1 compares s i x  a l t e r n a t i v e  combinations o f  r i ve rwate r  
and groundwater t h a t  were proposed by the M in i s t r y  of Works and Developmennt 
(MWD) i n  1980 as opt ions from which the design d e t a i l s  o f  the ac tua l  LRIS 
scheme could be developed. The areas de ta i led  f o r  the  CPIS are i n  d r a f t  
form only, i n  t ha t  there are hydro log ica l  d i f ferences between the Cent ra l  
P la i ns  and the Lower Rakaia regions, and t h a t  the apparent f l e x i b i l i t y  
i n  changing from river-dominant Scheme 1 t o  groundwater-dominant Scheme 6 
may not  e x i s t  i n  p rac t i ce .  Current studies by the ~ o r t h  Canterbury 
Catchment Board (NCCB) on the grounwater resource o f  the Cent ra l  P la ins  
area w i l l  enable a b e t t e r  assessment o f  the r o l e  af groundwater i n  
the near fu tu re  ( Bowden, 1982) . 
Table 2.2 presents the estimated peak i r r i g a t i o n  demands associated 
w i t h  each scheme opt ion.  The source o f  water supply i s  shown for  each 
op t ion  and the su f f i x  fo l lowing the scheme number i nd i ca tes  the ros te r  
per iod ( i n  days) used f o r  scheduling de l i ve r i es  t o  i n d i v i d u a l  farms. 
To ta l  i r r i g a t i o n  demand over the range of design opt ions va r ies  between 
131-145 cubic metres per second (cumecs). Schemes 1, 2 and 3 obta in  
the ma jo r i t y  o f  t h e i r  t o t a l  requirements from the Rakaia River,  whi le 
Schemes 4, 5 and 6 r e l y  on groundwater development t o  supply water t o  
the ma jo r i t y  of t h e i r  scheme areas. 
The B a r r h i l l  I r r i g a t i o n  Scheme w i l l  abstract  water from the Rangitata 
Divers ion Race ( v i a  a d ive rs ion  from Lake Heron), so there w i l l  
be some reduct ion i n  the amount of water which i s  now being t ransfer red 
from the Rangitata t o  the  Rakaia River. 
FIGURE 2 . 1  
E x i s t i n g  and Proposed I r r i g a t i o n  Schemes i n  Canterbury 
Source: F i tzgera ld  (1970) 
TABLE 2.1 
Possible Design Opt ions  for 
Areas Serviced by Rakaia River Water and Groundwater 
Scheme River Supply Groundwater Supply 
Design 
O p t i o n  LRIS' C P I S ~  Total L R I S ~  C P I S ~  Total 
( 000 ha) (000 ha) 
1 5 6 112 168 8 16 24 
2 4 7 94 141 17 34 5 1 
3 39 78 117 25 50 75 
4 29 58 8 7 35 70 105 
5 22 44 66 42 84 126 
6 16 32 48 48 9 6 144 
Source: Maidment et .  a1 (1980: 33) 
L Determined by applying t h e  Lower Rakaials river-to-groundwater m i x  
t o  the t o t a l  Central Plains area ( refer  to  t e x t ) .  
The river-dominant schemes were favoured i n  early i r r iga t ion  plan- 
n i n g .  For example, t h e  Southern Energy Group1 s (SEG) j o i n t  hydro-power 
and i r r iga t ion  development plans indicated that  a Scheme 2 scale  of 
river-supplied i r r iga t ion  development was possible (SEG,1975; SEG, 
1979). The SEG1s 1975 plans proposed tha t  Lake Coleridge be raised 
by 24 metres, and tha t  the additional storage be u t i l i s ed  by drawing 
water off the lake i n t o  a canal system and taking water t o  t h e  Central 
Plains via a ser ies  of hydro-electric power s tat ions.  In 1979, the 
SEG1s plans were modified. The proposed development of Lake Coleridge 
was deferred, which meant tha t  water for i r r iga t ion  and hydro-power 
development would have t o  be taken direct ly o u t  of the.Rakaia. 3 
P h i l p o t t  (1980) subsequently analysed the a l te rna t ive  i r r iga t ion  
proposals and found tha t  'river-dominant' schemes, such as  Scheme 2, 
could n o t  be supplied, under the North Canterbury Catchment Board's 
(NCCB) 1974 allocation plan, w i t h  t he i r  f u l l  i r r iga t ion  water requirements 
from the Rakaia on 24 percent of the days during an average i r r iga t ion  
A more detailed discussion of these proposals is  reported i n  Chapter 7. 
TABLE 2.2 
Peak I r r i g a t i o n  Demands and A l te rna t i ve  Water Supply Mixes 
Scheme R ive r  Supply Groundwater Supply 
Design To ta l  
Option CPIS LRIS To ta l  CPIS LRIS To ta l  
Source: Based on data presented i n  Maidment e t .  a1 (1980:34) fo r  the 
LRIS w i t h  i n t e r p o l a t i o n  t o  the CPIS 
* Data no t  reported.  
season. I n  February, t he  f u l l  abst rac t ion requirement could not  be 
met on for  example, 54 percent  of the days ( a  25 percent  def ic iency 
i n  terms of volume). Such h igh  p r o b a b i l i t i e s  of def ic iences i n  water 
a v a i l a b i l i t y  have caused planners t o  reconsider those scheme opt ions 
which would r equ i r e .a  reduced l e v e l  o f  abs t rac t ion  from the Rakaia. 
Daniel  (1980a and 1980b) repor ted plans f o r  the  LRIS which al low 
f o r  r i v e r  water t o  supply j u s t  under 29,000 ha, w i t h  a peak i r r i g a t i o n  
abs t rac t ion  of 20 cumecs. Th is  l e v e l  of r i v e r  water use i s  consistent  
w i t h  Scheme 4, a groundwater-dominant opt ion. Scheme 4 a lso  imp l ies  
t h a t  70,000 ha i n  the  Cen t ra l  P la ins  could be supp l ied w i t h  a peak 
f low o f  45 cumecs from the  Rakaia (Tables 2.1 and 2.2), hence t o t a l  
r i v e r  abst rac t ion f o r  both  schemes would be about 65 cumecs w i t h  ground- 
water abst rac t ion a t  about 69 cumecs. However, app l i ca t ions  f o r  water 
r i g h t s  t o t a l l i n g  90 cumecs, 20 f o r  the LRIS and 70 f o r  the  CPIS, have 
been submitted by the i r r i g a t i o n  associat ions represent ing the two 
proposed schemes. 
Two important questions a r i s e  from these proposals t o  abs t rac t  
water f o r  i r r i g a t i o n ;  indeed much o f  the present controversy can be 
a t t r i b u t e d  t o  our l ack  o f  knowledge about them. One concerns the p o t e n t i a l  
impacts o f  r i v e r  abs t rac t ion  dur ing per iods o f  low n a t u r a l  f low, and the 
o ther  concerns the a v a i l a b i l i t y  o f  economically abst rac tab le  groundwater. 
The next  sect ion reviews the poss ib le  in f luence o f  abs t rac t ion  on the 
seasonal f low o f  the Rakaia River.  
The In f luence o f  Abst rac t ion on River  Water Volume 
Est imat ing the f low o f  the  Rakaia River over the warmest and d r i e s t  
summer months (December, January and February) i s  c r i t i c a l  t o  the ana lys is  
o f  c o n f l i c t i n g  demands f o r  t he  Rakaia's water.4   his three month summer 
pe r i od  encompases peak i r r i g a t i o n  demands, a taper ing -o f f  o f  n a t u r a l  f lows, 
and t he  salmon run  passing from the  sea up through the  Rakaia Gorge. 
C5early, i f  the r i v e r ' s  f low over summer i s  l e ss  than t h a t  requ i red  t o  
s a t i s f y  both abst rac t ion and instream needs, then e i t h e r  one o r  both 
a l t e r n a t i v e  uses o f  the water must accept a supply s h o r t f a l l  and, as a 
consequence, i ncu r  the economic o r  environmental cost  associated w i t h  i t .  
O f  course, i r r i g a t i o n  demands and the salmon's environmental requirements 
are  b u t  one example o f  a number o f  p o t e n t i a l  c o n f l i c t s  between abs t rac t ion  
and instream uses t h a t  r equ i r e  water t o  be re ta ined i n  the  r i v e r .  The 
instream consequences are discussed i n  Chapter 6. 
Eiven the apparent importance o f  the Rakaials summer f low, the authors 
c a r r i e d  out an ana lys is  o f  the  d a i l y  mean f lows f o r  the months o f  December, 
January and February over the  per iod  covering December 1967 t o  December 
~ 9 7 7 . ~  Data f o r  subsequent months ( a f t e r  December 1977) inc lude  the in f luence  
o f  t he  Wi lberforce River d i ve r s i on  i n t o  Lake Coleridge, and s ince power 
re leases do no t  necessar i ly  co inc ide w i t h  na tu ra l  f lows, these data were 
excluded from the analysis.  
The ob jec t i ve  o f  the ana lys is  was t o  produce dura t ion  curves f o r :  
( i )  the  abst rac tab le  f low from the Rakaia River  over summer; 
( i i )  the r es i dua l  f low o f  the River;  and 
La te  summer and autumn may a lso  be important as n a t u r a l  f l ow drops o f f  
d ramat ica l ly  i n  March and A p r i l .  However, for  the  purposes of t h i s  
study, the f low dura t ion  ana lys is  focuses on peak i r r i g a t i o n  months. 
An e a r l i e r  study on f low durat ion,  reported i n  Maidment e t  a l .  (1980), 
does not  i nd i ca te  c l e a r l y  t he  consequences o f  abs t rac t ion  dur ing t h i s  period. 
( i i i )  the number o f  consecutive days o f  low-f low condi t ions.  
The ana lys is  was undertaken assuming a peak i r r i g a t i o n  demand o f  70 cumecs 
f o r  the CPIS, and 20 cumecs for  the  LRIS ( i . e . ,  a post  development scenar io) ,  
subject  t o  d i f f e r e n t  assumptions regarding the minimum f low standard f o r  
the River, cu r ren t l y  42 cumecs (55 cumecs a t  the ~ o r ~ e ) . ~  Given a range 
i n  minimum f low options, h i s t o r i c a l  mean r i v e r  f lows are assessed i n  l i g h t  
o f  these water management p o s s i b i l i t i e s .  
2.3.1 Abstractable Flows Table 2.3 summarises the  percentage o f  
days t h a t  the maximum abs t rac t ion  demands from the proposed i r r i g a t i o n  
schemes could be met, f o r  a number o f  d i f f e r e n t  minimum f low standards. 
The r e s u l t s  i nd i ca te  t h a t  on ly  wi thout  any minimum flow standard could 
the  peak demand f o r  water by the CPIS be met a t  l e a s t  50 percent o f  the 
time. I f  the cur rent  minimum f low standard was-maintained, peak i r r i g a t i o n  
requirements could be met around 40 percent o f  the t ime i n  the  CPIS. 
Further,  the analysis shows t h a t  a minimum f low standard o f  100 cumecs 
accommodates peak i r r i g a t i o n  demands from the CPIS about as o f t en  as a 
minimum flow standard o f  20 cumecs. This r e s u l t  occurs because of the 
'p la teau '  i n  the WMP f o r  r i v e r  f lows between 87 and 115 cumecs above the 
minimum flow (see Appendix 1) .  
TABLE 2.3 
Summary of Summer Flow Analysis for  the  
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Source: Appendix 1, Table 1.1-1.7, from columns (3) and (6) .  
The Water Management Plan (WMP) i s  cu r ren t l y  under review by the North 
Canterbury Catchment Board. The present WMP i s  described i n  Appendix 1. 
Since peak i r r i g a t i o n  requirements i n  the CPIS and LRIS are l i k e l y  
t o  coincide,  Table 2.3 suggests t h a t  f o r  almost any minimum f low standard, 
peak i r r i g a t i o n  demands i n  the LRIS would be met less  than 30 percent o f  
t he  time. Only when the minimum f low standard approaches 150 cumecs can 
peak i r r i g a t i o n  demand be met f o r  30 percent o f  days dur ing summer. This 
r e s u l t  occurs because the CPIS1s supply o f  water i s  r e s t r i c t e d  severely 
under higher minimum f low standards, l eav ing  more water i n  the  r i v e r  f o r  
t he  LRIS t o  abstract .  
2.3.2 Residual Flows Table 2.4 summarises r e s u l t s  f o r  a minimum 
f low standard o f  60 cumecs, c lose t o  the cur rent  standard o f  55 cumecs 
a t  the  Gorge. The r e s u l t s  suggest t h a t  a res idua l  f low below the CPIS 
o f  70 cumecs can almost always be assured, bu t  a f t e r  l o s s  t o  groundwater 
below State-Highway 1 a r e s i d u a l  f low o f  60 o r  even 50 cumecs cannot be 
guaranteed.7 Again, i t  must be stressed t h a t  these r e s u l t s  assume t h a t  
abst rac tab le  f lows equal t o  the  CPISts and LRIS1s peak i r r i g a t i o n  demands 
a re  a c t u a l l y  abstracted. 
TABLE 2.4 
Summary o f  Summer Flow Analysis f o r  the Per iod 1967-1977: 
Residual Flows f o r  a 60 Cumec Minimum Flow Standard 
Percentage o f  Days When Residual Flow 
Residual Equal led o r  Exceeded 
Flow Below CPIS Below State- Below LRIS 
Return Ou t l e t  Highway 1 Return Out le t  
Cumecs % 
40 100 9 6 9 6 
50 100 87 8 7 
Source: Appendix 1, Table 1.4, columns (4 ) ,  (5 )  and (7)  
Catchment Board est imates o f  f low l oss  t o  groundwater i n  t he  lower reach 
o f  the River  range from 12 t o  30 cumecs (Bowden, 1982). 
2.3.3 Duration o f  Low Flow Events For the purposes o f  t h i s  
analysis,  a "low flow per iod" was def ined as a sequence o f  days when 
i r r i g a t i o n  abst rac t ion demands could not  be met because o f  the l i m i t a -  
t i o n s  imposed by the  WMP. The r e s u l t s  are reported i n  Table 2.5. 
For the CPIS, low f low per iods of f i v e  o r  more days make up about 
60 percent of t o t a l  low f low days. Ten percent of t o t a l  low f low 
days were accounted f o r  by per iods l a s t i n g  a t  l e a s t  25 days. The 
LRIS, because i t  i s  s i t ua ted  below the CPIS, has higher p r o b a b i l i t i e s  
of longer low-flow per iods for  minimum flow standards up t o  100 cumecs. 
For minimum f low standards over 100 cumecs, r e s t r i c t i o n s  on abs t rac t ion  
f o r  the  CPIS al low the LRIS a more c e r t a i n  water supply. 
TABLE 2.5 
Summary o f  Summer Flow Analysis f o r  t he  
Per iod 1967-1977: Low Flow Periods 
Minimum 
Flow Low Flow Per iod i n  Sequential  Days 
Standard 
(Cumecs ) 1 2 3 4 5 10 15 20 25 
-------------- p r o b a b i l i t y  o f  Low Flow Per iod Being 
Equal led o r  Exceeded (%) 
A. The CPIS: 
B. The LRIS: 
0 100 88 83 76 68 42 20 12 12 
20 100 89 82 75 68 43 25 14 14 
40 100 84 75 74 68 40 30 17 14 
60 100 96 85 81 77 44 31 20 16 
80 100 9 6 9 2 82 79 47 34 20 16 
100 100 100 96 87 85 54 39 22 20 
150 100 89 72 55 4 1 17 6 6 5 
Source: Appendix 1, Table 2. 
For mid summer cond i t i ons  t h e  economic r e t u r n s  t o  the  supply 
o f  i r r i g a t i o n  water a re  l i k e l y  t o  be a t  t h e i r  g reates t  (Frengley, 
1979). The frequency w i t h  which low-f low per iods  o f  over f i v e  days 
i n  d u r a t i o n  occur suggests t h a t  when water i s  most needed by farmers 
i t  i s  no t  l i k e l y  t o  be a v a i l a b l e  i n  t h e  r e q u i r e d  amount, hence r a t i o n -  
i n g  between users w i l l  be requ i red .  
To ensure t h a t  s i g n i f i c a n t  d e f i c i t s  i n  meeting a b s t r a c t i o n  
requirements do n o t  occur, seven p o l i c y  op t ions  noted by Maidment 
e t  a l .  (1980) are re levan t :  
1. p l a n  f o r  maximum use o f  groundwater; 
2. p l a n  t o  develop on ly  one o f  t he  two schemes; 
3. develop on ly  a p r o p o r t i o n  of each o f  t he  two proposed 
schemes ; 
4. propose adjustments t o  t h e  Water A l l o c a t i o n  Plan; 
5. t o l e r a t e  r e s t r i c t i o n s  i n  water supply; 
6. p l a n  f o r  more minor schemes; and/or 
7. p l a n  t o  use Lake Coler idge storage t o  augment summer low 
f lows. 
A t  present,  p o l i c y  opt ions  1, 3, 5, and 7 appear acceptable t o  agencies 
i n v o l v e d  i n  p lann ing ' the  CPIS p r o j e c t s .  Opt ion 7 i s  a l ready be ing 
used t o  a l i m i t e d  extent.8 I t  i s  impor tant  t o  note, however, t h a t  
as t h e  two scheme proposals now stand, f u t u r e  development op t ions  - 
i n c l u d i n g  dec is ions  regard ing scale,  s p e c i f i c  l oca t ion ,  and t h e  mix 
o f  water uses by source o f  supply - are  e n t i r e l y  open a t  t h i s  p o i n t  i n  
t ime,  and w i l l  be i n f l uenced  by research work c u r r e n t l y  i n  progress. 
2.4 The Groundwater Resources o f  t h e  Canterbury P l a i n s  
2.4.1 Geoloqy and Groundwater P o t e n t i a l  Wilson (1973) and 
S c o t t  (1980) describe the  geo log ica l  o r i g i n s  o f  t he  Canterbury P l a i n s  
and t h e  i n f l u e n c e  t h e i r  geology has on groundwater a v a i l a b i l i t y .  
F i g u r e  2.2 i d e n t i f i e s  two major geo log ica l  d i v i s i o n s  o f  t h e  Canterbury 
P la ins ,  t h e  f i r s t  composed o f  g rave ls  deposi ted a f t e r  g l a c i a l  recess ion 
i n  t h e  Southern Alps, and the  second composed o f  p o s t - g l a c i a l  outwash. 
The a v a i l a b i l i t y  of groundwater v a r i e s  g r e a t l y  between these two g r a v e l  
types. Wilson (1973) exp la ins  how w e l l s  d r i l l e d  on the  g l a c i a l  outwash 
With t h e  complet ion o f  t h e  Wi lber force  d i v e r s i o n  i n  1977, t h e  Lake 
Co ler idge power s t a t i o n  has been ab le  t o  operate on a more s t a b l e  
generating p a t t e r n  and Summer r i v e r  f lows have been augmented as a 
r e s u l t  (see Chapter 7 ) .  
yield only 10-100 l i t r e s  per minute, compared to  the 400-2,000 l i t r e s  
per minute from those on the alluvium. Thus  i n  general terms, it  
would appear tha t  those portions of the Community Irr igat ion Schemes 
u t i l i s ing  groundwater would have to  be situated i n  close proximity to  
the major r iver  systems. 
Scott  (1980) noted tha t  yields  from wells d r i l l ed  a t  increasing 
distances away from major r ive r s  and moving inland decline, and tend 
t o  be highly variable due t o  th in  aquifers w i t h  low transmissivi t ies  
and storage capacities. One reason given by Scott for the high ground- 
water yields close to  the major r ivers  is the i n f i l t r a t i o n  of r iver  
water in to  the groundwater system. The evidence presented by Stephen 
(1-972) regarding the loss  of r ive r  flow i n  the Rakaia between the 
Gorge and Sta te  Highway 1 supports t h i s  hypothesis. Bowden (1979) . 
reported on the var iab i l i ty  of pumping yields,  contrasting a winter 
t o  summer groundwater level  fluctuation of 0.25 metres adjacent to  
r ive r s  and near the coast and a ten metre fluctuation i n  the g lac ia l  
outwash gravels. Groundwater leve ls  tend to  peak i n  l a t e  spring, 
w i t h  the lowest water levels  occurring i n  early winter, typical ly  
May through July. 
2.4.2 The Role of Groundwater i n  Current I r r iqat ion Planning 
Current i r r iga t ion  planning for  the LRIS highlights the most favourable 
areas for groundwater development. Daniel 's (1980a, Figure 1) outdine 
9 of the LRIS, when overlaid on Thorpe's (1979) isobath map for the 
Lower Rakaia area, indicates tha t  r iver  water w i l l  supply the area 
above the 20 metre isobath, and groundwater, the area below the 20 
metre isobath. Since no firm out l ine of the area to  be supplied by 
r iver  water i n  the CPIS is avai lable ,  no conclusions can be made 
regarding the appropriateness of the to t& area designated for ground- 
water supply i n  the Central Plains.  The data presented i n  Tables 2.1 
and 2.2 indicate,  however, t ha t  a Scheme 4 plan for the CPIS is based 
on a groundwater supply su f f i c i en t  for 70,000 ha w i t h  a peak i r r iga t ion  
demand of 46 cumecs. 
A t  the present time precise estimates do not ex i s t  for the 
quant i t ies  of groundwater avai lable  'over time and space' within the 
Lines o f  equal depth t o  groundwater. 
FIGURE 2 . 2  
Geology R e l a t e d  t o  A q u i f e r  P r o p e r t i e s  
Source :  Wilson (1973) .  
P e r i g l a c i a l  and g l a c i a l  ou twash ,  p e r m i a b i l i t y  
improves  e a s t w a r d .  
P a s t - g l a c i a l  a l l u v i u m ,  a n d e s t u a r i n e  and m a r i n e  d e p o s i t s .  
( a )  A r t e s i a n  a r e a .  
1 ( b )  Over g l a c i a l  ou twash ,  p e r m i a b i l i t y  i n c r e a s e s  e a s t w a r d .  
two project areas. Farmers in  the proposed LRIS area now abstract  
some 3.2 cumecs on an annual basis t o  spray-irrigate approximately 
9,300 ha. In the CPIS area, current abstraction of groundwater could 
be as h i g h  as 25 cumecs per year (NCCB, 1982). Although no appreciable 
draw-down on the aquifers has been noted due to  i r r iga t ion  development 
t h u s  fa r ,  there is not consensus of opinion as to  the potential  amount, 
or the safe r a t e  of abstraction, tha t  would sustain the resource over 
time. The current drought i n  Canterbury has highlighted the tenuous 
nature of t h i s  resource, as water levels  i n  established wells have 
dropped measurably since the onset of the d r y  cycle (Bowden, 1982). 
Thorpe (1979) estimates tha t  aquifers under the LRIS are being 
recharged a t  an annual r a t e  of 34 cumecs, 44 percent of which is  
derived from the Rakaia River, 41 percent from precipitation, and 
the residual by drainage from upland border-dyke i r r iga t ion  ( the  
Ashburton-Lyndhurst Scheme). Given a Scheme 4 development option, 
Thorpefs calculations suggest an upper bound estimate of groundwater 
abstraction a t  12 cumecs over the i r r iga t ion  season, assuming a per 
hectare crop-water demand of 0.4 l i t r e s  per second (Us) .  Over the 
year then, i f  recharge occurs a t  an average ra te  of 34 cumecs, and 
abstraction from groundwater a t  a r a t e  of 12 curnecs, 22 cumecs w i l l  
remain unallocated. T h i s  of course is  a maximum estimate, since the 
groundwater hydrology of the area is  immensely complex and not well 
understood. 
Price (1981), u s i n g  a d i f ferent  approach, provided what might 
be regarded as a lower-bound estimate on groundwater abstraction. 
He estimated an average seasonal drawoff of s i x  cumecs for the LRIS 
(assuming a Scheme 4 level  of development), based on the observed 
practices of i r r iga to r s  currently u t i l i s ing  groundwater in  tha t  area. 
I f  Pr ice ' s  estimates are as  r e l i ab le  as  Thorpe1s,l0 the i r  work, taken 
together, suggests that  a substant ial ly  greater proportion of the 
LRIS area migh t  be serviced from the groundwater resource than presently 
contemplated ( i . e .  under Scheme 4 ) .  The estimated groundwater recharge 
and abstraction levels  on an annual or seasonal basis,  however, may be 
very misleading i n  terms of peak i r r iga t ion  demands over shorter  
I U  The Study Team does not have the competence t o  decide on such 
matters, b u t  the available data warrants consideration, part ic-  
ularly when research re su l t s  are  juxtaposed. 
time in terva ls  (McFadden, 1982).11 B u t ,  given that  the pattern of 
available groundwater and crop and pasture requirements are l ike ly  
t o  coincide i n  the l a t e  Spring - early Summer period, the problems 
of peak abstraction from groundwater may not be too severe, especially 
i f  groundwater users are  "rostered'l i n  a manner similar to  border-dyke 
i r r iga to r s .  
There are other limits t o  groundwater exploitation which may be 
j u s t  as  important as  quantity constraints.  Some of these have been 
raised i n  connection w i t h  ea r l i e r  i r r iga t ion  proposals for the area 
(Mandell, 1974). I f  aquifers are i n  contact w i t h  seawater and are  
exploited a t  a r a t e  greater than t h e i r  average annual replenishment, 
seawater intrusion occurs. Intensive use of groundwater near the coast 
should, therefore,  be avoided i f  there is  evidence that  sa l ine  water 
pollution poses a serious problem t o  water users i n  the future. 
Energy requirements for pumping water and the depletion of shallow 
aquifers a re  potentially severe constraints  to  exploiting the ground- 
water under the Central Plains. I n  comparison to  the Lower Rakaia 
area,  where bores of l e s s  than 30 m t o  100 m are required, wells of 
up to  150 m i n  depth are  presently found i n  the Central Plains. The 
average pumping depths, however, a re  much less than  the upper bound on 
these ranges. Unless there i s  a high-valued use, such as hort icul ture ,  
pumping depths exceeding about 50 metres may be considered uneconomic 
for  . the conventional livestock and cropping farmer (McChesney and 
Sharp, 1980). 
Groundwater pollution, largely related t o  an increase i n  n i t r a t e s  
i n  groundwater resul t ing from the leaching of f e r t i l i s e r  and livestock 
wastes, is  a recognised health hazard, par t icular ly i n  urban areas.  
Where municipal water supplies are  obtained from groundwater the 
accumulation of n i t r a t e s  could create  a demand for a l te rna te  sources 
of fresh water. Water logging is  also a potential  problem, especially 
i n  the Selwyn-Ellesmere drainage where a higher natural water tab le  
ex i s t s  a t  present. 
l.1 Also see Maass and Anderson (1978), Frengley (1979) and Hanks and 
H i l l  (1980) for useful discussions on t h i s  issue. 
2.5 Economic Assessment from the Na t iona l  Viewpoint 
2.5.1 Results from E a r l i e r  Studies An economic ana lys is  o f  the 
present scheme opt ions for  the LRIS i s  repor ted i n  Le Page and R i t c h i e  
(1980). Le Page (1980b) a lso  repor ted on the r i v e r  suppl ied p o r t i o n  o f  
a Scheme 4-sized Lower-Rakaia p ro jec t .  I n  an e a r l i e r  study, Had f ie ld  
e t  a l .  (1974a) undertook a cost-benef i t  ana lys is  o f  a Scheme 3-sized, 
r i ve r -supp l ied  i r r i g a t i o n  scheme f o r  the  Lower Rakaia. Apart from a 
study undertaken i n  the same year by Hadf ie ld e t  a l .  (1974b) f o r  a smal l  
r i ve r -supp l ied  i r r i g a t i o n  scheme i n  the Cent ra l  P la ins ,  no independent 
s tud ies  on the economics o f  a l t e r n a t i v e  design opt ions f o r  the CPIS 
have been conducted. 
Furthermore, a l l  previous economic evaluat ions have been "prel im- 
i n a r y  i n  nature1'. That i s ,  formal  cost -benef i t  analyses from the na t i ona l  
p o i n t  o f  view, using sound farm management data and encompassing d e t a i l e d  
engineering design cost ings, have no t  been c a r r i e d  out f o r  e i t h e r  o f  
'the two proposed Community I r r i g a t i o n  Schemes. The above-mentioned 
s tud ies  were commissioned t o  ob ta in  " i n d i c a t i v e 1  r e s u l t s  as a guide 
t o  f u t u re  p lanning and more de ta i l ed  i nves t i ga t i ons  f o r p r o j e c t  design 
purposes. Nonetheless i r r i g a t i o n  p r o j e c t  proposals are considered f o r  
funding on the basis o f  these p re l im inary  f ind ings,  and on ly  a f t e r  they 
have been "approved i n  p r i n c i p l e "  i s  a formal  cost -benef i t  ana lys is  
requested (see Chapter 3, sect ion 3.3). The fo l l ow ing  reviews the' 
r e s u l t s  o f  previous (p re l im inary )  economic evaluations. 
2.5.2 Scheme Options and Economic E f f i c i ency  The reported s tud ies  
r evea l  t h a t  the i r r i g a t i o n  proposals do not  meet the 15 percent I n t e r n a l  
Rate o f  Return (IRR) gu ide l ine suggested by Government. l2 Table 2.6 
summarises the most recent  IRR1s obtained f o r  the LRIS and CPIS. On 
the  bas is  of Le Page and R i t ch i e  (19801, the groundwater area, considered 
by i t s e l f ,  achieves a r a t e  o f  r e t u r n  about four  percentage po in t s  h igher  
than the  r i v e r  suppl ied area. The reason f o r  t h i s  can be found i n  the 
lower c a p i t a l  cost  o f  groundwater development, and the fas te r  r a t e  o f  
on-farm adoption of i r r i g a t i o n ,  usua l l y  spray app l ica t ion.  R iver  
supp l ied i r r i g a t i o n  requ i res  l a rge  o f f - fa rm c a p i t a l  costs, s ince water 
must be d i ve r t ed  and r e t i c u l a t e d  from the r i v e r  t o  farms by a g r a v i t y  
conveyance system. On-farm c a p i t a l  improvement can also be expensive, 
l2 For a discussion o f  cur rent  Government p o l i c y  guidel ines regarding 
p u b l i c  investment i n  community i r r i g a t i o n  schemes, see Chapter 3.3. 
TABLE 2.6 
Comparison of I rr igat ion Scheme Options on the Basis 
of the I R R  Criterion 
River Water Groundwater 
Total Scheme 
Scheme Option Area I R R  Area I R R  I R R  
(000 ha) (%)  (000 ha) (%) (%) 
Sources: 1 Le Page and Ritchie (1980) 
2 Le Page (1980) 
3 Hadfield e t  a l .  (1974a) 
4 Hadfield e t  a l .  (1974b) 
par t icular ly when r iver  water supply is  associated w i t h  a border-dyke 
system of surface i r r iga t ion  which requires land levelling. 
The ef fec t  of spreading large off-farm capi ta l  costs and the 
slower r a t e  of on-farm development i s  s ignif icant  for the scheme's 
I R R .  For example, Hadfield e t  a1.(1974a) compared the sens i t iv i ty  of 
I R R ' s  for the LRIS to  different  off-farm capi ta l  costs  and development 
ra tes ,  the r e su l t s  of which are  summarised i n  Table 2.7. Assuming 
a 15 year scheme development, they found tha t  the I R R  increased by 
about three percentage points i f  off-farm cap i t a l  costs  were reduced 
from $100 ha-l t o  $60 ha-'. Given a $60 ha-' capi ta l  cost ,  the 
IRR increased another two percentage points with-a development period 
of seven rather  than 15 years. It is not surprising, therefore, t ha t  
planning for i r r iga t ion  involving large sca le  r iver  water abstraction 
usually requires a large area t o  reduce the average off-farm capi ta l  
cost per hectare serviced, and a rapid r a t e  of on-farm development 
(see Chapter 5.5).  
TABLE 2.7 
The Inf luence of Off-farm Cap i t a l  Costs and Development 
Rate on a Scheme's I R R  
On-Farm Off-Farm Cap i ta l  Cost ha-' 
Development Rate 
(Years) $60 $80 $100 
Source: Had f ie ld  e t  a l .  (1974a), p.32 
Tables 2.8 and 2.9 compare the  of f -  and on-farm c a p i t a l  costs  
associated w i t h  the LRIS opt ions 4, 5 and 6. These estimates were 
ca lcu la ted  from data reported i n  Le Page and R i t ch i e  (1980). I n  
Table 2.8 a fur ther  option, a hypo the t i ca l  " a l l  groundwater" supply, 
has been ca lcu la ted  by the authors o f  t h i s  repor t .  The est imate o f  
the  c a p i t a l  cos t -o f  a groundwater-only case (Scheme 7) assumes t h a t  
s u f f i c i e n t  water resources do (hypo the t i ca l l y  speaking) e x i s t .  The 
cost  ca lcu la t ions ,  admittedly crude, were based on the add i t i ona l  
pumping costs  o f  abst rac t ing the " ind icated"  resource which under l i es  
the upper p o r t i o n  of the LRIS, i.e.,above Thorpe's (1979) 20 metre 
isobath.  
TABLE 2.8 
Off-Farm Cap i ta l  Cost per Hectare f o r  the LRIS 
Water Supply A l te rna t i ves  
Average Cap i ta l  Average Cap i ta l  Average Cap i t a l  
Scheme Cost f o r  River Cost f o r  Ground- Cost f o r  To ta l  
Option supply water Su-pply Area-l 
($ ha ) ($  ha 1 ($  ha ) 
Source: Le Page and R i t ch i e  (19801, except f o r  Option 7, which i s  a 
study estimate. 
As cou ld  be expected from the preceeding discussion, the data show 
t h a t  average o f f - fa rm c a p i t a l  costs f o r  d i ve r t ed  water decrease s t e a d i l y  
as the area suppl ied by the r i v e r  increases. The average c a p i t a l  cost  
o f  groundwater supply increases w i t h  increas ing groundwater development 
due t o  greater  bore depths and higher energy costs o f  pumping. However, 
the average t o t a l  c a p i t a l  cost  of water development decl ines as the 
propor t ion o f  the  scheme served by the r e l a t i v e l y  cheaper groundwater 
source increases. Although Scheme 7 appears t o  be the l e a s t  cos t l y  
method o f  development, t h i s  r e s u l t  i s  based on the existence o f  ground- 
water resources which are considered no t  t o  be r e a d i l y  ava i lab le .  
I n  Table 2.9 an examination i s  made o f  the s e n s i t i v i t y  o f  on-farm 
c a p i t a l  cos t  f o r  development "wi th"  and "wi thout"  government assistance. 13 
These data show t h a t  average on-farm c a p i t a l  costs  vary l i t t l e  between 
the scheme opt ions f o r  the LRIS f o r  the "without11 assistance case. 
However, subsid ies on the border-dyking costs  have a marked e f f ec t ,  
lower ing the  farmer 's share o f  average on-farm c a p i t a l  cost  by n ine t o  
20 per cent (depending on the scheme op t ion ) .  Obviously, the design 
opt ions w i t h  the  greatest  area serv iced by r i v e r  supply are associated 
w i t h  the greatest  on-farm development subsidies. I t  i s  a lso  apparent 
t h a t  both o f f -  and on-farm c a p i t a l  cost  considerat ions would tend t o  
encourage the development o f  the LRIS i n  such a way t h a t  the area 
serv iced by r i v e r  water i s  as h igh as poss ib le ,  thus spreading the 
o f f - fa rm c a p i t a l  cost  and tak ing  advantage o f  subsid ies which favour 
more expensive on-farm development. Such encouragement o f  a r i v e r  
supplied, t y p i c a l l y  border-dyke, i r r i g a t i o n  system which i s  favourable 
t o  the i n d i v i d u a l  farmer i s  cont rary  t o  the  i n t e n t  o f  a na t i ona l  cost-  
bene f i t  (economic e f f i c i e n c y )  ana lys is  o f  the development options. 
I t  i s  important  t o  emphasise t h a t  the  t echn i ca l  assumptions under- 
l y i n g  these ca lcu la t ions  may no t  be necessar i ly  co r rec t .  For example, 
i t  may no t  be v a l i d  t o  assume t h a t  an increased area o f  sur face supply 
from the r i v e r  w i l l  mean more border-dyking. As McFadden (1982) 
po in ts  out: "One o f  the common p u b l i c  f a l l a c i e s  a t  present i s  t h a t  
surface supply i s  associated w i t h  borders and underground supply 
associated w i t h  sp r ink le rs .  I n  f a c t  i n  the  f i r s t  instance the method 
o f  app l i ca t i on  i s  determined by other fac to rs ,  p a r t i c u l a r l y  farming 
systems and the  ava i lab le  labour and managerial requirements. The 
l3 Financ ia l  assistance t o  farmers under a Community I r r i g a t i o n  Scheme 
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nature and amount o f  water supply i s  on ly  one o f  the fac to rs  i n  the 
decis ion and i t  i s  usua l l y  only i n  extreme s i t u a t i o n s  t h a t  i t  becomes 
the dominant fac tor . "  A t  t h i s  t ime an informed guess would be t h a t  
about 30 percent o f  the CPIS area would be s p r i n k l e r  i r r i g a t e d  
(Lewthwaite, 1982). 
Unfor tunately,  no publ ished cost -benef i t  ana lys is  i s  ava i lab le  on 
a  groundwater-only op t ion  f o r  the LRIS. Using data contained i n  
Le Page and T i t c h i e  ( 1980) and Le Page (1980b), a  pre l iminary  ana lys is  
o f  such an op t ion  was undertaken i n  the present  study. Rough ca lcu la-  
t i o n s  i nd i ca te  t h a t  an I R R  o f  j u s t  under 20 percent may not  be u n r e a l i s t i c .  
The reasons f o r  such a  h igh  I R R  are p a r t i a l l y  explained by lower o f f -  
farm c a p i t a l  costs  per hectare, and a  f a s t e r  r a t e  o f  on-farm development. 
However, wh i le  the  methods, assumptions and data provided by Le Page 
and R i t ch i e  (1980) and Le Page (1980b) were fo l lowed as c lose ly  as 
possib le,  i t  i s  a l so  l i k e l y  t h a t  the h igh  I R R  i s  p a r t i a l l y  a t t r i b u t a b l e  
t o  e r ro r  i n  ex t rapo la t ing  some o f  the assumptions and data t o  the ground- 
.water  - only case, op t ion  7. I n  any event i t  i s  apparent t h a t  the 
possib le economic importance o f  con junct ive  use o f  surface water and 
groundwater j u s t i f i e s  f u r t he r  i nves t iga t ion .  
2.5.3 Considerat ions f o r  Further Study I t  i s  evident from the 
p re l im inary  nature o f  the proposed plans t h a t  considerable scope 
ex i s t s  f o r  both  under- o r  over-est imating bene f i t s  and costs. The 
economic analyses t h a t  have been conducted thus f a r  have demonstrated 
the s e n s i t i v i t y  o f  IRR's t o  c e r t a i n  assumptions, f o r  example the r a t e  
o f  on-farm development, bu t  there  are o ther  important  features o f  the 
proposals which, as f a r  as we are aware, have no t  ye t  been examined. 
This sec t ion  concludes w i t h  a  b r i e f  o u t l i n e  o f  some aspects o f  the 
i r r i g a t i o n  schemes t h a t  could markedly e f f e c t  t h e i r  economic a t t rac t i veness .  
F i r s t ,  wh i le  i t  has been shown t h a t  under the  present water 
a l l o ca t i on  p l an  the re  w i l l  be pe r i ods -o f  s h o r t f a l l  i n  p o t e n t i a l  
de l i ve r i es  t o  farms (Sect ion 2.1), the marginal  costs o f  i r r i g a t i o n  
water r a t i o n i n g  i n  terms o f  reduced output  have no t  been estimated. 
Depending upon the  t ime o f  season t h a t  r a t i o n i n g  would occur, the 
losses t o  farmers cou ld  range from n i l  t o  very la rge.  Such p o t e n t i a l  
losses must be c a r e f u l l y  weighed against  the  p o t e n t i a l  bene f i t s  o f  
enforc ing minimum f low standards f o r  a l l o c a t i n g  seasonal r i v e r  f lows 
(see f o r  example Maass and Anderson, 1978) . 
A second, related concern stems from recognised water supply 
al ternat ives  that  could be used conjunctively. Diverting water 
from lake storage to  meet peak i r r iga t ion  needs, or to  augment r iver  
flows, has not been submitted to  economic analysis. A sound economic 
appraisal of a wider s e t  of i r r iga t ion  water development options 
could reveal a combination of surface, ground and storage water 
tha t  would be t te r  achieve the s tated project objectives, e i ther  
from greater  levels  of output, reduced development costs,  or perhaps 
both. 
The above argument also applies t o  scheme area s ize  and the 
sequence of development. Being scheduled for implementation f i r s t ,  
the LRIS development plan could s e t  i n  t r a i n  a sequence of decisions 
w i t h  i r revers ib le  implications for the design and development of the 
CPIS. With limited surface water for abstraction, the two schemes 
are potentially i n  competition w i t h  each other. A useful s tudy  would 
be t o  examine the schemes as  - one plan, seeking t o  optimise the spa t i a l  
dis t r ibut ion of a l l  water resources as well as  land area serviced. 
Presumably, such a regional rat ional isat ion of water and land resources 
would also provide a greater degree of f l e x i b i l i t y  i n  adjusting t o  
future uses, for example s h i f t s  i n  land use patterns resulting from 
factors  besides the ava i lab i l i ty  of water - bet te r  use of micro- 
climates, transportation and other infrastructure,  e tc .  
More intensive land use and increased productivity - the ultimate 
aims of the i r r lga t ion  proposals - i n  large measure w i l l  be the determin- 
ing factors  of the i r  success. Simply reducing the hazard of summer 
drought is not l ike ly  to  be a suf f ic ien t  jus t i f ica t ion  by i t s e l f .  
High-valued uses of i r r iga t ion  water, l i k e  hort icul ture  and intensive 
cropping, would have a s ignif icant  e f fec t  on scheme economics i f  the 
proportion of these enterprises could be increased by it. What are  
the necessary and suf f ic ien t  conditions for  expansion of high-value 
land uses i n  the proposed scheme areas,  and to  what extent w i l l  
expansion ( i f  any) be at t r ibuted t o  Community Irr igat ion schemes? 
A review of the expected changes i n  land use and production levels  
w i t h  i r r iga t ion  is reported i n  Chapter 4.3. 
A f i n a l  comment r e l a t e s  to  the need for a broader view i n  
investigating multiple use. Hydroelectric power generation i n  
conjunction with i r r iga t ion  (discussed i n  Chapter 7)  is a well-known 
complementary development prospect. Also, enhanced rec rea t iona l  
enjoyment o f  water-based a c t i v i t i e s  such as swimming and f i s h i n g  
have received l i m i t e d  study i n  connection w i t h  the i r r i g a t i o n  proposals 
(see Maidment -a e t  a1  (1980). Some o f  these are  very important t o  the 
reg iona l  community, p a r t i c u l a r l y  angl ing, ye t  the economics o f  f i shery  
enchancement through r e l a t i v e l y  inexpensive mod i f i ca t ions  i n  s t r u c t u r a l  
designs has no t  been se r ious ly  studied t o  date. Overseas experience 
suggests t h a t  m u l t i p l e  use water development schemes are almost always 
pre fer red t o  s i ng l e  purpose schemes, p a r t i c u l a r l y  when the development 
i s  s i t e d  near a  major popu la t ion centre. 
2.6 Conclusion and Research Needs 
2.6.1 Summary and Imp l i ca t ions  I r r i g a t i o n  planning f o r  the 
Lower Rakaia and Cen t ra l  P l a i ns  i s  based on the  assumption t h a t  about 
h a l f  the i r r i g a b l e  area w i l l  be served by water from the Rakaia River,  
and h a l f  from groundwater. There i s  not  enough hydro log ica l  evidence 
ava i lab le  t o  support o r  r e j e c t  such an assumption. Indeed, there 
could be s u b s t a n t i a l l y  l e ss  groundwater than has been assumed ava i l -  
able f o r  p lanning purposes. Analysis o f  the r i v e r ' s  summer f low 
ind ica tes  a  h i gh  p r o b a b i l i t y  t h a t  peak i r r i g a t i o n  demand from the 
CPIS and LRIS w i l l  p a r t i a l l y  overlap n a t u r a l  low f lows, r e s u l t i n g  
i n  s h o r t f a l l s  i n  i r r i g a t i o n  abstract ion.  
.Another i m p l i c a t i o n  i s  the assumed ex t r apo la t i on  o f  LRIS data 
t o  the CPIS. From a  geo log ica l  po i n t  o f  view, t h i s  does no t  seem 
appropr iate s ince the depth t o  groundwater i s  a t  l e a s t  double t h a t  
o f  the Lower Rakaia region, and aqu i fe r  t r a n s m i s s i v i t i e s  are a lso 
lower. Accordingly, i t  i s  poss ib le  t h a t  the groundwater resources 
o f  the  Lower Rakaia may be under-u t i l i sed,  and those o f  the Centra l  
.P la ins  over -u t i l i sed .  An a l t e rna t i ve ,  ye t  t o  be invest igated,  would 
be t o  f u l l y  develop the  groundwater o f  the Lower Rakaia area, and i n  
so doing f r ee  up water from the  Rakaia River  f o r  abs t rac t ion  by the  
CPIS, a l l ow ing  the  r i ve r -supp l ied  area i n  t h i s  scheme t o  increase. 
Consequently, the o f f - fa rm c a p i t a l  costs o f  r i v e r  abs t rac t ion  would 
be spread over a  greater  area. 
The hydro log ica l  d i f fe rences  between them need t o  be e x p l i c i t l y  
accounted f o r  i n  planning. While these d i f fe rences  may be found t o  
impose cons t ra in ts  on the t o t a l  development o f  the  two schemes, they 
could equally show f u l l  development of the schemes to  be a compatible 
and complementary goal. For example, Noel e t  a l .  (1980) i l l u s t r a t e  
such an approach t o  planning for a Californian county and conclude 
that  planning u n i t s  for water resource development should be based, 
not on po l i t i ca l  or geographical boundaries, b u t  on the degree of 
hydrological interdependence between d i f fe rent  regions. 
2.6.2 Research Needs Four areas of research were ident i f ied 
which w i l l  improve the information base on which i r r iga t ion  decisions 
can be made: 
1. The groundwater resources of both the Lower Rakaia 
and Central Plains require intensive s t u d y ,  so tha t  
the contribution groundwater could make t o  i r r iga t ion  
water demands can be more firmly established. 
2. The value of groundwater use for i r r iga t ion ,  i n  allow- 
ing a greater  volume of water to  remain i n  the r iver ,  
is  unknown. Util ising available groundwater can lower - 
the cost of abstraction i n  terms of i ts possible impact 
on the recreational and amenity quality of the Rakaia 
River. 
3 .  Research is also needed on the degree of compatability 
and complementarity between the CPIS and LRIS, w i t h  
conjunctive use of surface and groundwater being a key 
element i n  future planning. .Also, the use of storage 
associated w i t h  hydro-electric power development deserves 
careful  evaluation. 
4. Previous cost-benefit analyses have tended to  centre 
on preferred options from the standpoint of engineer- 
ing considerations and have not explored some potentially 
worthwhile economic poss ib i l i t ies .  Future cost-benefit 
analyses mus t  pay greater a t tent ion t o  the sens i t iv i ty  
of r e su l t s  w i t h  respect t o  such important assumptions 
as  land use patterns,  joint project benefi ts  ( for  example 
enhanced wi ld l i fe  habi tat)  and scheme size.  

CHAPTER 3 
THE INSTITUTIONAL FRAMEWORK FOR WATER 
RESOURCE PLANNING 
3.1 In t roduc t ion  
Planning and implementing a Community I r r i g a t i o n  Scheme i s  a 
complex undertaking r e q u i r i n g  c lose co-operat ion between agencies 
o f  cen t ra l  and l o c a l  government, the farming community, independent 
research organisat ions and many spec ia l  i n t e r e s t  groups. Often the 
appropr iate channels f o r  i npu t  i n t o  p lanning dec is ions are unclear, 
s ince water i n s t i t u t i o n s  are con t inua l l y  "evolv ing" i n  response t o  
new knowledge and new challenges i n  a l l o c a t i n g  the resource t o  meet 
changing s o c i a l  needs. Nonetheless, broad-based involvement i n  water 
resource planning i s  essen t i a l  (and unavoidable) due t o  the many 
ram i f i ca t i ons  t h a t  are  associated w i th  the use o f  t h i s  important 
na tu ra l  resource. 
It became apparent a t  an ear l y  stage i n  t h i s  study t h a t  a be t t e r  
understanding o f  water agency planning ob jec t ives,  and the r u l e s  and 
regu la t ions which guide r eg iona l  water development and management, 
was essen t ia l  t o  any worthwhile review o f  s p e c i f i c  proposals. 
~ c c o r d i n g l ~ ,  a general  frame o f  reference, o r  framework, was necessary 
t o  ensure t h a t  the research areas i d e n t i f i e d  by the  Study Team 
were re levant  and t ime ly ,  and consistent  w i t h  the  needs o f  the agencies 
who are entrusted w i t h  decision-making r e s p o n s i b i l i t i e s .  The next 
sect ion o f  t h i s  chapter ou t l i nes  such a framework. The r o l e s  and 
r e s p o n s i b i l i t i e s  o f  government agencies and o ther  s t a tu to r y  bodies 
invo lved w i t h  Rakaia River  p lanning are reviewed w i t h  the a i d  o f  
t h i s  general framework, and the planning sequence and nature o f  pub l i c  
involvement a t  var ious stages i n  the decision-making process are 
i d e n t i f i e d .  A more d e t a i l e d  discussion o f  some l e g a l  and procedural 
issues concerning the  i n i t i a t i o n  and implementat ion phases i s  repor ted 
i n  Appendix 2. Sect ion 3.4 examines the f i nanc ing  o f  publ icly-sponsored 
i r r i g a t i o n  schemes, and t he  chapter concludes w i t h  a discussion o f  the 
imp l i ca t ions  f o r  f u t u r e  p o l i c y  - or iented research re levan t  t o  the 
LRIS and CPIS proposals. 
3.2 Water I n s t i t u t i o n s  and the Framinq of Pub l i c  Water Po l i c y  
3.2.1 A Conceptual Framework A usefu l  s t a r t i n g  p o i n t  f o r  t h i s  
d iscussion i s  a conceptural  framework which encompasses the  general 
sub jec t  matter o f  any water resource management problem. F igure  3.1 
i s  an i l l u s t r a t i o n  of such a framework. The three major boxes i n  
the  diagram represent the  bas ic  components o f  the water p lanning 
environment: the phys ica l  resource base (which was described i n  
Chapter 2 ) ,  the  s o c i a l  context  o f  needs and p r i o r i t i e s  which water 
resource development are  meant t o  serve, and the  planning system which 
i n t e r f aces  the s o c i a l  and phys ica l  systems lead ing t o  the i d e n t i f i c a t i o n  
o f  requ i red ac t ions and management decisions. 
The resource base represents t h a t  p a r t  o f  the p lann ing environ- 
ment which provides soc ie ty  w i t h  oppor tun i t i es  and cons t ra in ts .  It 
i s  these po ten t i a l s  and l i m i t a t i o n s  t h a t  water p lann ing seeks t o  
opt imise i n  t.he s o c i a l  i n t e r e s t .  I n  add i t i on  t o  t he  i n t e r re l a t ed -  
ness of land and water, interdependencies which are  pecu l i a r  t o  
water resources and t h e i r  use must be recognised i f  they are t o  be 
successfu l ly  developed f o r  soc ie ty  S bene f i t .  Much o f  the h iscuss ion 
* 
i n  Chapter 2, i n  terms o f  F igure  3.1, can be viewed as a concern f o r  
t he  l inkages represented w i t h i n  the "resource base component o f  
t he  planning environment (b lock  C), and, t o  a l esse r  ex tent ,  the 
"na t iona l  economic performance and p o l i c y  boxN i n  b lock  A. 
The s o c i a l  context  encompasses the re levan t  goals and p r i o r i t i e s  
f o r  water planning, as expressed through governmental and i n t e r e s t  
group organisat ions and in fo rmat ion  s t ruc tures,  and the  performance 
c r i t e r i a  and l e g a l  ob l i ga t i ons  under which a l t e r n a t i v e  p ro j ec t s  and 
programmes are evaluated (b lock  A). While water agencies are t y p i c a l l y  
s t ruc tu red  i n  an h ierarchy o f  p lanning r e s p o n s i b i l i t y ,  as suggested 
i n  b lock B, the "opennessw o f  the planning process i n  a democratic 
soc ie ty  i s  such t h a t  i n d i v i d u a l  agency terms o f  reference o f t en  
over lap and, i n  some cases, c o n f l i c t  w i t h  each other.  The funct ions 
and r e s p o n s i b i l i t i e s  o f  government and s ta tu to r y  bodies concerned 
w i t h  Rakaia River development p lanning are described i n  the  next  
sect ion.  
3.2.2 The Concerned Pub l i c  Agencies Many agencies have terms 
o f  reference, i n  one form o r  another, f o r  p ro tec t ing ,  managing and 
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planning the use of water resources and/or water-related activities. 
They include River Catchment Boards, Catchment Commissions, Regional 
Water Boards, the Ministry of Agriculture and Fisheries, and the 
National Water and Soil Conservation Authority (MWD) which administers 
the Water and Soil Conservation Act 1967 and the Soil Conservation and 
Rivers Control Act 1941. The central policy making body, comprising 
Rivers Control Council and the Water Resources Council, is the National 
Water and Soil Conservation Organisation. The Organisation is respons- 
ible for formulating general policy guidelines and each of its councils 
has certain functions delegated to it. 
Representation on the Authority and Councils includes counties 
and municipalities, catchment authorities, regional water boards, 
drainage and river boards, farming, manufacturing and recreational 
interests as well as other governmental departments. Acclimatisation 
Societies also have a function associated with waterway management, 
and they act in an advisory capacity to government agencies and 
conduct independent research on policy-related issues. 
3.2.3 Jurisdiction The special purpose authorities most 
relevant to Rakaia River water planning are the Catchment Boards, 
which in the case of North and South Canterbury, also operate as 
Regional Water Boards. These Boards have the primary responsibility 
for the development and allocation of natural water within their 
regions. Historically, the Catchment Boards were set up to assist 
farmers in maintaining and increasing productive land by the use of 
flood control and irrigation schemes. Their functions increased 
with the enactment of the Water and Soil Act 1967, and now they 
must also consider fisheriest requirements, wildlife habitats and 
recreational use of water in relation to agricultural and other usage. 
Acclimatisation Societies, although non-governmental bodies, 
have statutory responsibility for the day to day management of 
acclimatised fresh water and protected wildlife under the Fisheries 
Act 1908 and the Wildlife Act 1953. With respect to natural waters 
(lakes and rivers) the primary concern of the Societies is the 
protection and management of a suitable habitat for wildlife. The 
Societies issue sport licences and set bag limits, and have the power 
and responsibility to prosecute offenders. 
The 'lboundariesl' o f  water au tho r i t i e s ,  whether they be phys ica l  
areas o r  terms o f  reference, are  h i g h l y  over-lapped. This i s  espec ia l l y  
evident  i n  the case of the Rakaia River.  Malvern, Ashburton and 
Ellesmere are the main count ies concerned ( r e f e r  t o  F igure  3.2). The 
nor thern  boundary o f  Ashburton County i s  the River, b u t  above the 
Gorge i t  i s  the Mathias branch which ac ts  as the  boundary. The North 
Canterbury Catchment Board's area inc ludes only p a r t  o f  the Rakaia 
catchment; the boundary between the  North and South Canterbury Catchment 
Boards fo l lows the south bank of the  Rakaia from i t s  mouth. The 
boundary changes i n  the h i gh  country, where Lake Heron and the Cameron 
River,  which f low i n t o  the Rakaia v i a  the Lake Stream, are under South 
Canterbury Catchment Board's j u r i s d i c t i o n .  
The Rakaia River i s  j o i n t l y  administered by both the North 
Canterbury and AshburtonAccl imatisation Societ ies,  s ince the  r i v e r  
i s  the  boundary between them. However, t h i s  boundary d i f f e r s  from 
the  county boundary. The matter  o f  j u r i s d i c t i o n  i s  f u r t h e r  cornpli- 
cated by the vested i n t e r e s t s  o f  other nat iona l ,  reg iona l  and l o c a l  
bodies, p a r t i c u l a r l y  the Canterbury Uni ted Counci l  which has broad 
reg iona l  p lanning r e s p o n s i b i l i t i e s  confined under the 1978 Town and 
Country Planning Act. 
The major reg iona l  bodies d i r e c t l y  responsib le i n  the development 
o f  the Rakaia River are the re fo re  Malvern, Ellesmere and Ashburton 
County Councils, the Canterbury Uni ted Council, the  North and South 
Canterbury Catchment Boards and Regional Water Boards, the North 
Canterbury and Ashburton Power Supply Boards, the North Canterbury 
and Ashburton Acc l imat isa t ion Soc ie t ies ,  and poss ib ly  o ther  l o c a l  
a u t h o r i t i e s  such as drainage boards who may enter  i n t o  the planning 
process a t  several  d i f f e r e n t  stages. 
3.3 Community I r r i g a t i o n  Scheme Planninq and Procedures 
Development o f  a Community I r r i g a t i o n  Scheme f a l l s  i n t o  three 
general  procedural phases: 
1. i n i t i a l  f e a s i b i l i t y  and planning s tud ies  lead ing t o  
p r o j e c t  i d e n t i f i c a t i o n  and the  formation o f  an i r r i g a -  
t i o n  d i s t r i c t ;  
2. scheme planning, dur ing which necessary water r i g h t s  
and planning consents must be obtained; and 
FIGURE . 3 . 2  
Planning Boundaries o f  Local and Regional Authorities 
3. the  const ruc t ion phase, which can only go ahead w i t h  
the necessary government approval f o r  funding. 
A schematic representat ion o f  the planning process, which expands on 
block B o f  F igure  3.1, i s  presented i n  F igure  3.3, and describes i n  
some d e t a i l  the spec i f i c  p lann ing agencies' and other bodies1 r o l e s  
a t  p a r t i c u l a r  stages i n  the p lann ing sequence. The CPIS and LRIS 
proposals are present ly  a t  stage 2 i n  the planning sequence. A 
de ta i l ed  review o f  the more impor tant  aspects o f  the steps invo lved 
i n  b r i ng i ng  a  Community I r r i g a t i o n  Scheme t o  f r u i t i o n  i s  repor ted i n  
Appendix 2. 
3.4 Scheme Fundina 
A subs tan t ia l  p o r t i o n  o f  the funds t o  f inance Community I r r i g a t i o n  
Schemes comes from pub l i c  t ax  revenues. Accordingly, the  f i nanc ia l  
r e t u r n  expected from pub l i c  support t o  i r r i g a t i o n  p ro j ec t s  i s  considered 
i n  l i g h t  of a l t e r n a t i v e  investment oppor tun i t ies  elsewhere i n  the pub l i c  
sector  (see block A, F igure  3.1). U n t i l  recent ly ,  the r u l e  has been 
t h a t  publ icly-sponsored i r r i g a t i o n  p ro j ec t s  must meet a  minimum f i n a n c i a l  
r e t u r n  c r i t e r i o n  o f  15 per cent  (based on the IRR) t o  q u a l i f y .  This 
has subsequently been reduced t o  t en  percent. The ob jec t i ve  o f  r a t i on -  
i n g  pub l i c  tax  revenues among competing investment oppor tun i t i es  i s  
t o  ensure t h a t  ' l i m i t e d 1  funds are  spent wisely. The f o l l ow ing  d is -  
cussion reviews cost-sharing arrangements and h i g h l i g h t s  some r e l a t e d  
issues which are o f  cur rent  i n t e r e s t  t o  planning bodies i n  connection 
w i t h  the proposed Rakaia developments. 
3.4.1 Publ ic  Finance and Cost Sharing The na t i ona l  f i n a n c i a l  
p o l i c y  f o r  Community I r r i g a t i o n  Schemes has been developed w i t h  two 
main ob jec t ives.  F i r s t l y ,  i r r i g a t i o n  schemes are requ i red  t o  be s e l f -  
support ing over a  f i x e d  t ime per iod,  and secondly, farmers are t o  be 
encouraged t o  b r i n g  under i r r i g a t i o n  as much o f  the i r r i g a b l e  land 
on t h e i r  p roper t ies  as i s  poss ib le  i n  the shor tes t  poss ib le  time. 
Once the  scheme i s  r a t i f i e d  (see Appendix 21, t h i s  second ob jec t i ve  
i s  encouraged by charging non - i r r i ga to r s  as w e l l  as i r r i g a t o r s ,  i n  
the  designated area, an i n i t i a l  water supply fee. For t h i s  reason 
i t  i s  obviously important  t h a t  the  an t i c ipa ted  water charges be 
pub l i c i sed  before farmers are requ i red  t o  vote f o r  o r  aga ins t  the  
establ ishment o f  the scheme. 
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[ I r r i g a t i o n  Scheme h Anc i l l a ry  Works o f f  & on farm I 
Presently, the government meets a l l  of the costs of headwork%, 
and h a l f  o f  the costs o f  a l l  o ther  o f f - fa rm development works. O f f -  
farm development i s  i n i t i a l l y  pa id  for  completely by the government, 
w i t h  h a l f  o f  t h i s  recoverable over a 40 year per iod a t  i n t e r e s t  r a t es  
s t i pu l a ted  by the Rura l  Bank. 
The government's sharetof  on-farm development takes the form 
o f  a suspensory loan through the  Rural  Bank, w r i t t e n  o f f  a f t e r  t en  
years so long as the con t rac t ing  farmer does not  s e l l  the proper ty  
and continues t o  pursue h i s  development programme. Works e l i g i b l e  
f o r  the loan inc lude f i x e d  f a c i l i t i e s ,  e l e c t r i c  serv ice  l i n e s ,  survey- 
i n g  and const ruc t ion superv is ion costs, and the cost  o f  d i s rup t ions  
t o  normal farm operations. Rura l  Bank f inance i s  a lso ava i l ab l e  t o  
a s s i s t  w i t h  f inanc ing the farmers' hal f -share o f  on-farm costs  and 
the  cost  o f  por tab le  equipment. A proposal t o  inc lude pumps, motors 
and mobile spray app l i ca to rs  i n  the  suspensory loan i s  p resen t l y  
under review. 
The suspensory loan, together w i t h  other Rural  Bank f i nanc ing  
a t  concessionary i n t e r e s t  r a t e s  and repayment terms are designed t o  
encourage a steady implementation o f  the scheme. As was po in ted out  
i n  Chapter 2, the amount o f  these 'combined' subsidies can subs tan t i a l l y  
reduce the per hectare costs o f  i r r i g a t i o n  development, p a r t i c u l a r l y  
border-dyke systems. An important  imp l i ca t i on  i s  t h a t  where the  
c a p i t a l  costs o f  developing surface and groundwater suppl ies are  o f  
about the same magnitude, as i s  the  case i n  the  Lower Rakaia area, 
a concessionary p o l i c y  toward Community Scheme cost-sharing ac ts  t o  
discourage the p r i v a t e  development o f  groundwater on farms i n  the  
"nominated" scheme area. 14 
3.4.2 I r r i g a t i o n  Charges and Water P r i c i n g  The farmer 's 
share o f  scheme costs i s  recovered through charges made annual ly  
over a pe r iod  spec i f i ed  i n  the  Order-in-Council c o n s t i t u t i o n  o f  the 
i r r i g a t i o n  d i s t r i c t ,  t y p i c a l l y  40 years. The charges are o f  two types: 
a basic charge which i s  ca lcu la ted  on the  basis o f  the i r r i g a b l e  area 
o f  l and  o f  the occupier, and a water a v a i l a b i l i t y  charge based on the 
quan t i t y  o f  water taken under a water a v a i l a b i l i t y  agreement. A l l  
l4 Rura l  Bank i n t e r e s t  charges are  cu r ren t l y  14 percent f o r  p r i v a t e  
i r r i g a t i o n  development as opposed t o  73 percent for  loans under 
a Community Scheme, and no suspensory f a c i l i t y  i s  ava i l ab l e  t o  
p r i v a t e  developers. 
occupiers o f  land w i t h i n  the designated scheme boundaries must pay the  
basic charges, wh i le  occupiers o f  land sub jec t  t o  water a v a i l a b i l i t y  
agreements must pay the greater  o f  the two. Charges only become payable 
a f t e r  a t ime determined by the M in i s t e r  (MWD) as the commencement o f  
a v a i l a b i l i t y  (usua l l y  when water i s  ava i l ab l e  t o  a subs tan t ia l  propor- 
t i o n  o f  the scheme area). They are  payable t o  the Crown a t  the end o f  
each i r r i g a t i o n  season, and i f  no t  pa i d  w i t h i n  28 days o f  demand the  
occupier w i l l  normally be requ i red t o  pay 10 percent i n t e r e s t  on the  
amount unpaid. 
P rov is ion  i s  made f o r  a graduated sca le  o f  charges dur ing the  
i n i t i a l  development ( s i x  years under present  schemes), bu t  once f u l l  
charges commence adjustments may be made t o  r e f l e c t  ac tua l  costs.  
Any water a v a i l a b i l i t y  agreement must be i n  accordance w i t h  the 
a l l o c a t i o n  o f  water and cond i t ions o f  supply as determined by the  
Author i ty .  For va r i a t i ons  i n  supply, occupiers have no c la im t o  
compensation o r  any r i g h t  o f  ac t i on  against  the Crown i f  the q u a n t i t i e s  
o f  supply agreed t o  are not  met dur ing any i r r i g a t i o n  season. However, 
i n  such cases the annual water a v a i l a b i l i t y  charge (excluding the 
p o r t i o n  represent ing the basic charge) can be reduced by an amount the  
M in i s t e r  considers reasonable. Using the Waitaki  Scheme as an i l l u s -  
t r a t i o n  o f  what these charges might be f o r  the Rakaia, the annual bas ic  
charge ( a f t e r  ten years) could range between $5 and 10 per hectare 
o r  $1.50 t o  3.00 per 100 m i l l ime t res  o f  water app l ied per hectare. While 
Rakaia water charges are u n l i k e l y  t o  be l e s s  than these, i t  i s  
probable t h a t  they could be much higher.  
An important  p o i n t  t o  be made about t he  water se rv i c ing  agree- 
ment i s  t h a t  water i t s e l f  does no t  have any marginal cost  t o  users. 
I n  o ther  words, the amount o f  water a c t u a l l y  used by farmers ove r ' t he  
season, whether more o r  l e s s  than the agreed quant i ty ,  has p r a c t i c a l l y  
no in f luence  on the annual charges paid. Furthermore, water r a t i on i ng ,  
i f  necessary i n  a water-short year, i s  based on an equ i ty  formula 
t h a t  does no t  take i n t o  account the  value o f  water i n  a l t e r n a t i v e  uses. 
For example, i f  a choice a r i ses  between supply ing an orchard o r  a 
pas to ra l  property when water i s  l i m i t e d ,  no r u l e s  present ly  e x i s t  f o r  
dec id ing p r i o r i t y  users.15- Accordingly, there  i s  l i t t l e  scope f o r  
l5 The p r i n c i p l e  a l luded t o  emphasises economic e f f i c iency  as super ior  
t o  equ i t y  i n  resource a l l oca t ions .  For an exce l len t  d iscussion o f  
a l t e r n a t i v e  water a l l o c a t i o n  r u l e s  and imp l i ca t ions  f o r  r eq i ona l  
- 
economics, see Maass and Anderson, (1978). 
"op t ima l l y "  a l l o c a t i n g  water among farms w i t h i n  a scheme, o r  between 
two schemes on the  same r i v e r  system. Because water i s  n o t  p r i c e d  
pe r  u n i t  o f  quan t i t y  d e l i v e r e d  t o  t h e  farm headgate, t he re  i s  a l s o  
l i m i t e d  scope f o r  encouraging e f f i c i e n t  on-farm water management 
p r a c t i c e s  o ther  than through a d m i n i s t r a t i v e  r a t i o n i n g .  
3.5 Summary and Conclusions 
An o v e r a l l  conceptual framework of New Zealand water law and 
p u b l i c  management o f  water resources has been presented. The law, 
r e l e v a n t  t o  the  implementat ion o f  Community I r r i g a t i o n  Schemes, has 
been out l ined.  The p lann ing procedure, which i s  a l ready complicated 
by t h e  need t o  make separate a p p l i c a t i o n s  under the  Town and Country 
P lann ing Act and t h e  Water and S o i l  Conservation Act, and f u r t h e r  
compl icated by recent  changes i n  t h e  Water and S o i l  Conservat ion 
Amendment Act, are discussed (Appendix 2). I n  the  d iscussion,  
re ference was made t o  t h e  N a t i o n a l  Development Act on ly  i n  passing, 
as i t  i s  u n l i k e l y  t o  be used i n  t h e  case o f  t h e  proposed Rakaia 
schemes. I n  any case, p lans  t o  develop t h e  Rakaia R iver  f o r  i r r i g a t i o n  
cou ld  prov ide  a t e s t  of t h e  e f f i c a c y  of some new p rov i s ions  governing 
t h e  development of water resources. 
The r o l e s  o f  non-governmental bodies w i t h  an i n t e r e s t  i n  par-  
t i c u l a r  aspects o f  water development, f o r  example the  A c c l i m a t i s a t i o n  
Soc ie t i es ,  remain unclear  as t o  t h e i r  p lann ing r e s p o n s i b i l i t y  ( o r  t h e  
na tu re  o f  t h e i r  e f f e c t i v e  involvement) i n  t h e  a c t u a l  design o f  t h e  
Rakaia i r r i g a t i o n  schemes. I n  p a r t i c u l a r ,  oppor tun i t i es  t h a t  might  
l e a d  t o  enhancement o f  s p o r t i n g  ( o r  commercial salmon ranching)  
i n t e r e s t s  are  no t  considered w i t h i n  the  present  i r r i g a t i o n  design 
opt ions .  While the  Act c a l l s  f o r  "due regardH i n  terms o f  environ; 
mental  and amenity cons idera t ions ,  t h e  l e g a l  bas i s  f o r  p r o t e c t i n g  
" instream" uses, and i n  seeking compensation f o r  loss ,  remains unclear .  
The p o t e n t i a l  f o r  examining t h e  e f f i c a c y  o f  p u b l i c  laws and i n s t i t u t i o n a l  
mandates i s ,  o f  course, un l im i ted .  Accordingly, severa l  avenues o f  
s p e c i f i c  study are  suggested t h a t  might be regarded as "urgentH i n  
t h e  con tex t  o f  t he  present  i r r i g a t i o n  proposals. 
F i r s t ,  what c r i t e r i a  ,are r e l e v a n t  t o  dec id ing  an appropr ia te  bas is  
f o r  a l l o c a t i v e  decis ions? I f  an economic we l fa re  c r i t e r i o n  i s  g iven 
dominance, i .e .  a l l o c a t i v e  e f f i c i e n c y  i n  d o l l a r  terms, then what 
soc ia l  welfare losses are a t  stake (and what benefits to  be gained) 
i n  changing the present use of a public water resource? Under present 
leg is la t ion  natural water is recognised as  having "amenity value", 
b u t  the economic "penalty" of any differ ing prescribed use does not 
consider the "social" opportunity cost.  Should water be priced on 
the basis of i ts opportunity value foregone i n  a l ternat ive uses? 
Related t o  these questions are  a whole s e t  of issues involving 
water use efficiency. Where i r r iga t ion  abstractions are meant to  
s a t i s f y  on-farm needs, there remains a problem i n  deciding what these 
"needs" actually are. Under present policy, water diversions are  
provided t o  meet maximum expected needs which may considerably over- 
estimate actual consumptive-use. I n  addition, the pricing mechanism 
for  diverted water does not effect ively encourage e f f i c i en t  on-farm 
water use. I f  water supplies are limited on a seasonal basis,  how 
w i l l  the responsible agencies al locate  r iver  flows between competing 
needs (as  required by law), especially when i r r iga t ion  uses are  suspected 
of being wasteful? 
Another area for useful investigation is  the valuation of 
water i n  a l ternat ive uses, especially the value of water "instream" 
as opposed t o  out-of-river. Even though current law recognises the 
poss ib i l i ty  of a "social  costu i n  diverting natural water from its 
present use, quantitative estimates of the magnitudes of such losses ,  
which would be admissible i n  Tribunal hearings, are  not available a t  
present. 
CHAPTER 4 
REGIONAL ECONOMIC IMPACTS OF RIVER-SUPPLIED 
IRRIGATION DEVELOPMENT I N  CANTERBURY 
4.1 I n t r oduc t i on  
I n  t h i s  chapter a discussion o f  the  reg iona l  economic impl ica-  
t i o n s  o f  the  Rakaia Community I r r i g a t i o n  Schemes i s  presented. The 
review i s  based on a c o l l a t i o n  o f  e x i s t i n g  in format ion ra the r  than on 
primary research. Therefore, the discussion which fo l lows presents 
an overview o f  the types o f  probable economic impacts t ha t  might be 
expected i n  the  reg ion from the development o f  the Rakaia River f o r  
i r r i g a t i o n .  Fur ther ,  more de ta i l ed  research i s  required t o  f i r m  up 
both the  present  data base and the r eg iona l  impact estimates repor ted 
herein. 
The discussion i s  d iv ided i n t o  f i v e  sect ions. I n  sect ion 2 
the under ly ing -concepts used . in  assessing reg iona l  economic impacts 
o f  resource development p ro jec ts  are  reviewed. I n  the next sec t ion  
the pr imary o r  d i r e c t  bene f i t s  and costs  o f  the i r r i g a t i o n  proposals 
are i d e n t i f i e d .  Section 4 quan t i f i es ,  t o  the extent  possible, the 
r eg iona l  economic impacts t h a t  can be expected t o  occur, and the l a s t  
sec t ion  contains a b r i e f  summary and concluding comments. 
4.2 Reqional Economics and Resource Development Programmes 
Th is  sec t ion  b r i e f l y  reviews the  pr imary and secondary economic 
impacts of resource development programmes on reg iona l  economies, 
and discusses a l t e r n a t i v e  methods f o r  es t ima t ing  the re levant  parameter 
values. 
4.2.1 Primary and Secondary Economic 1mpacts16 Resource 
development through, fo r  example, investment i n  Community I r r i g a t i o n  
Schemes, i s  l i k e l y  t o  s t imula te  l o c a l  economic a c t i v i t y ,  i n i t i a l l y  
through scheme operat ing expenditures and l a t e r  through increased 
l e v e l s  o f  a g r i c u l t u r a l  output. The o v e r a l l  increase i n  economic 
a c t i v i t y  can be expected t o  lead t o  h igher  l e v e l s  o f  output, income 
and employment than would have occurred had no t  the investment been 
A more de ta i l ed  presentat ion o f  these concepts, techniques and 
data requirements i s  contained i n  Brown and Hubbard (1980). 
made. This t o t a l  impact on the economy w i l l  incorporate both primary 
and secondary components. Primary impacts are the  i n i t i a l  o r  d i r e c t  
economic st imulus, and the secondary impacts are  a funct ion o f  the 
mu l t i p l i e r , 17  and w i l l  incorporate what can be re fe r red  t o  as i n d i r e c t  
and induced impacts ( r e f e r  t o  Figure 4.1).  
The i n d i r e c t  economic impact r e s u l t s  from a l l  sectors i n  the 
economy being, t o  some extent ,  interdependent. The impact on the 
economy o f  an increase i n  a g r i c u l t u r a l  product ion,  f o r  example, 
does not  stop a t  t he  farm gate. As the  increased product ion works 
i t s  way through from farmer t o  f i n a l  consumer, the demand f o r  t rans- 
po r t ,  marketing and processing serv ices w i l l  increase. Increased 
a g r i c u l t u r a l  product ion can a lso be expected t o  increase the demand 
f o r  f e r t i l i s e r s ,  seeds and farm machinery. However, these l inkages 
are not  conf ined s o l e l y  t o  those i n d u s t r i e s  o r  sectors o f  the  economy 
t h a t  are d i r e c t l y  associated w i t h  the farm sector .  
As an example, the increase i n  demand f o r  f e r t i l i s e r s  w i l l  
usua l ly  mean t h a t  the f e r t i l i s e r  i ndus t r y  w i l l  need t o  increase 
i t s  output and, as a co ro l l a r y ,  i t s  demand f o r  inputs .  I n  turn ,  
the i ndus t r i es  supply ing these inpu ts  w i l l  themselves need t o  
expand output  and so on. S im i l a r l y ,  the  increased demand f o r  
t ranspor t  serv ices may lead t o  the purchase by t ranspor t  f i rms o f  
ex t ra  t rucks,  t y r e s  and spare parts.  The f i rms  producing these 
goods and serv ices w i l l  then need t o  expand t h e i r  output, and so 
on. Together these increases i n  product ion c o n s t i t u t e  the i n d i r e c t  
-. impact o f  the  i n i t i a l  expansion. This i n d i r e c t  impact can be 
thought o f  as t echn i ca l  i n  nature i n  t ha t ,  g iven the  i n f r a s t r u c t u r e  
o f  the economy, an increase i n  product ion i n  one sector  requires,  
o r  i s  associated wi th ,  increased product ion i n  other sectors. 
I n  a d d i t i o n  t o  the i n d i r e c t  impact generated by the i n i t i a l  
expansion, an induced economic impact w i l l  a l so  tend t o  increase 
product ion i n  var ious sectors o f  the r eg iona l  economy. The induce 
impact i s  i n i t i a l l y  a funct ion o f  personal consumption expenditure 
and r e l a t e s  t o  the  increase i n  personal income t h a t  i s  a concomitant 
l7 The term nmu l t i p le "  i s  used t o  i n d i c a t e  the  number by which the 
i n i t i a l  investment would be m u l t i p l i e d  i n  order t o  ob ta in  the 
t o t a l  amp l i f i ed  increase. 
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o f  increased product ion i n  the reg iona l  economy. The increase i n  
personal income leads t o  an increase i n  t he  demand f o r  consumer 
goods and serv ices.  I n  response t o  t h i s  increased demand, the 
i ndus t r i es  supply ing consumer goods and serv ices increase t h e i r  
product ion and, as w i t h  the i n d i r e c t  impact, these increases then 
generate f u r t h e r  product ion i n  other sectors  o f  the economy. 
The extent  t o  which a reg ion may b e n e f i t  from the i n d i r e c t  
and induced impacts w i l l  depend on how much o f  the  t o t a l  increase 
i n  production, over and obove the i n i t i a l  expansion, i s  suppl ied 
from l o c a l  i ndus t r ies .  The greater  the increase i n  l o c a l  product ion 
the greater  the l o c a l  impacts. Conversely, i f  the increases i n  
product ion occur mainly outs ide the region, then the l o c a l  impacts 
o f  the i n i t i a l  expansion w i l l  be neg l i g i b l e .  Regional m u l t i p l i e r s  
w i l l  be i n d i c a t i v e  o f  the  ex tent  t o  which the  impacts are f e l t  
l o c a l l y .  
From the  n a t i o n a l  viewpoint,  i t  has normal ly  been assumed t h a t  
these secondary economic impacts do no t  produce an increase i n  
aggregate output  (i.e., na t i ona l  b e n e f i t )  s ince gains i n  the reg ion 
from the investment w i l l  be o f f s e t  by losses somewhere else.18 I t  
i s  now being inc reas ing ly  accepted, however, t h a t  t h i s  approach i s  
a d ras t i c  ove r - s imp l i f i ca t i on  o f  the  impacts generated by invest -  
ment. Many resources are present ly  unemployed, and there fore  aggregate 
output  impacts w i l l  vary depending on the p a t t e r n  o f  investment w i t h i n  
the  reg ion (Haveman and K r u t i l l a ,  1968). 
Furthermore, i t  has general ly  been assumed t h a t  the secondary 
economic e f f e c t s  a r i s i n g  from a l t e r n a t i v e  resource development pro- 
grammes w i l l  be s i m i l a r .  However, t h i s  r a r e l y  occurs s ince investment 
i n  one sector  w i l l  have markedly d i f f e r i n g  r eg iona l  impacts than 
investment i n  another. For  instance, e l e c t r i c i t y  development i s  
c a p i t a l  i n tens ive ,  and whi le  i t  may generate a l a r g e  number o f  shor t -  
term employment oppor tun i t i es  dur ing the cons t ruc t ion  phase, the 
long term employment impacts are small. Conversely, investment i n  the  
The cond i t i ons  under which ' reg iona l  ' impacts are v a l i d  f o r  
i n c l u s i o n  i n  ' n a t i o n a l '  impact assessments have been widely 
debated among p o l i c y  analysts; see for  example Kelso e t  a l .  (1973). 
agricul tural  sector may provide continuing employment opportunities 
both w i t h i n  farming and, through the secondary ef fec ts ,  i n  other 
sectors of the economy. I t  is  essent ial  then tha t  the regional economic 
impacts of any proposed resource development programme be assessed, 
particularly i n  the context of multi-objective planning. 
4.2.2 Estimation Procedures and Limitations There are three 
methods commonly i n  use for estimating regional multipliers and there- 
fore the magnitude of secondary impacts from resource development 
projects. These a re  export base multipliers,  Keynesian income 
multipliers,  and input-output multipliers.  The advantages and 
shortcomings associated w i t h  each approach have been recently reviewed 
by Hubbard and Brown (1979:36-81). I t  is becoming increasingly 
common, where possible, t o  use multipliers derived from input-output 
tables.  
The Agricultural Economics Research U n i t  of Lincoln College 
has recently published a s e t  of regional input-output tables  for 
each S t a t i s t i c a l  Area i n  New Zealand (Hubbard and Brown, 1981). 
Although the mult ipl iers  derived apply t o  the 1971/72 year, they 
are a useful guide for deriving indicative estimates of the magnitude 
of secondary impacts. 
The next section therefore quantifies the primary impacts of 
i r r iga t ion  development i n  the Lower Rakaia and Central Plains Schemes, 
and estimates of the magnitude of secondary economic impacts are 
detailed i n  Section 4.4. 
4.3 The Primary Impacts 
I r r iga t ion  can both increase and s t a b i l i s e  agricul tural  output 
levels  compared w i t h  production under dryland farming conditions. 
Higher crop yields  and stock carrying capaci t ies  achieved under 
i r r iga t ion  a re  more predictable year t o  year i n  contrast  w i t h  the 
annual f luctuat ions experienced on farms without i r r iga t ion  due t o  
varying climatic conditions. I n  fac t ,  i r r iga ted  pastures i n  Canterbury 
average twice the annual dry matter production of equivalent rainfed 
pastures, and experience one-quarter of the production var iab i l i ty  
between years ( r e fe r  t o  Table 4.1) .  
TABLE 4.1 
Di f ferences Between I r r i g a t e d  and 
Rainfed Pastures i n  Canterbury 
Comparative Measure Rainf  ed I r r i g a t e d  
Productive L i f e  Temporary Permanent 
Species composition Subterranean Clover White c lover 
Mean annual product ion 
(kg D~/ha-  ) 6,000 
Var ia t ion  i n  product ion 
-+ between years - 48% o f  mean + - 12% o f  mean 
Source: ACJ L i nk  FPP 79 'M in i s t r y  o f  Agr i cu l tu re  and F isher ies ,  Wellington. 
Higher output l e v e l s  requ i re  a concomitant i n t e n s i f i c a t i o n  o f  
inputs,  w i t h  greater  use o f ,  f o r  example, f e r t i l i s e r s  and labour. 
The f low o f  goods and serv ices i n t o  and out  o f  an a g r i c u l t u r a l  area 
which has i r r i g a t i o n  i s - t h e r e f o r e  s i g n i f i c a n t l y  greater  than a s im i l a r  
area o f  dry land ag r i cu l t u re ,  and the e f f e c t s  o f  t h i s  are f e l t  through- 
out  the l o c a l  economy. 
This sec t ion  discusses the primary impacts o f  the two proposed 
i r r i g a t i o n  schemes by f i r s t  descr ib ing pro jec ted land use changes, 
and then quan t i f y ing  the  const ruct ion and operat ing costs involved, 
and the resu l t an t  increases i n  a g r i c u l t u r a l  output  and demand f o r  
farm labour. I t  must be emphasised t ha t  the two schemes described 
are s t i l l  i n  the p re l im inary  planning stages, and there fo re  scheme 
areas and boundaries are subject  t o  change. The data here, therefore,  
r e f l e c t  one poss ib le  system scenario t o  develop a general appreciat ion 
o f  the economic impacts involved. 
4.3.1 Scheme Areas The boundaries o f  the Lower Rakaia and 
Cent ra l  P la ins  Schemes, as cu r ren t l y  envisaged t o  be suppl ied w i th  
water from the Rakaia River,  are shown i n  F igure 4.2 and encompass 
gross scheme areas o f  35,600 ha and 72,000 ha respec t i ve ly  ( inc lud ing  
roads, creeks, she l t e r  be l t s ,  and waste areas). The gross farm area 
i s  estimated a t  90 percent o f  the above f igures,  o f  which 90 percent 
i s  p o t e n t i a l l y  i r r i g a b l e  ( i .e.  81 percent o v e r a l l ) .  The ac tua l  
po ten tza l l y  i r r i g a b l e  areas w i t h i n  the two schemes are, therefore,  
28,850 ha and 58,300 ha respect ive ly ,  f o r  a t o t a l  o f  87,150 ha 
(Scheme 4 i n  Table 2.1 ) . 
FIGURE 4.2 
Lower R a k a i a  a n d  C e n t r a l  P l a i n s  
Scheme B o u n d a r i e s .  ( P r e l i m i n a r y )  
There are no eas i ly  accessible data on the actual number of 
farms i n  each of the two areas a t  the present time. From average 
farm size data however, indicative estimates are  tha t  the LRIS 
would involve about 140 farms, and the CPIS about 270 farms, a t o t a l  
of 410. As pointed out i n  Chapter 2 ,  there i s  already some spray 
i r r iga t ion  w i t h i n  the two scheme areas - an estimated 5,000 ha i n  
Lower Rakaia (Le Page 1980b: 3 )  and 9,500 ha i n  Central Plains. 19 
4.3.2 Land Use Land use i n  the two areas i s  very s imilar ,  
w i t h  production of f a t  lambs and crops predominating, and it i s  
l ike ly  that  t h i s  general land use pattern w i l l  not change s i g n i f i -  
cantly w i t h  the introduction of i r r igat ion.  The main crops grown 
are wheat, barley, oa ts ,  peas, ryegrass and white clover. 
There are two basic groupings of s o i l s  i n  the proposed scheme 
area: 
(1) the bet ter  Templeton and the deeper Lismore related 
s o i l  s e t s  on the south bank of the Rakaia River and 
a large part  of the area north of the' Selwyn River, 
and, 
(2)  the shallower Lismore so i l s  i n  a large part  of the 
area between the Rakaia and Selwyn Rivers. 
Farms i n  the two areas of deeper and bet ter  s o i l s  have a history of 
cash cropping, and development of spray i r r iga t ion  w i l l  enable an 
intensification of the cropping systems. Those farmers who choose 
pastoral systems i n  these two areas w i l l  develop border-dyke 
systems, as w i l l  those farmers on the l igh te r ,  shallower Lismore 
s o i l s .  A possible trend toward direct  d r i l l i ng  over border dykes, 
however, may convince some farmers to  increase the cropped area of 
the i r  farms. 
Specific de ta i l s  of the current and project land use systems 
for the LRIS area are  described i n  a recent s tudy  by Le Page (1980b). 
Discussions w i t h  loca l  off icers  of the Farm Advisory Service Division 
of the M i n i s t r y  of Agriculture and Fisheries suggest tha t  similar 
Based on an analysis of data provided by the North Canterbury 
Catchment Board. These data detailed a l l  farmers w i t h  water 
permits w i t h i n  the proposed Scheme area. 
changes are l i k e l y  t o  occur w i t h i n  the CPIS area, w i t h  perhaps around 
two-th i rds o f  farms t o  the nor th  o f  the Selwyn River  adopting a 
r e l a t i v e l y  i n t ens i ve  cropping regime (compared w i t h  10-15 percent 
now). Ex t rapo la t ion  o f  these assumptions across the two Scheme 
areas r e s u l t s  i n  aggregate land use pat terns  as summarised i n  Table 4.2. 
TABLE 4.2 
Aggregate Land Use 
L-ower Rakaia and Centra l  P l a i ns  Schemes (ha) 
Lower Rakaia 1 Centra l  P la ins  1 
Land Use 
Without With Without With 
Scheme Scheme Scheme Scheme 
Pasture 19,475 19,665 34,560 34,245 
Lucerne 2,160 2,180 3,835 3,800 
Wheat 2,820 2,100 7,665 6,075 
Barley 
Peas 
Ryegrass 410 885 1,220 2,555 
White Clover 410 885 1,220. 2,555 
TOTAL 28,850 28,850 58,300 58,300 
Source: Le Page (1980b) 
Area suppl ied w i t h  water from the  Rakaia River only. 
There are on ly  small ,  l o ca l i sed  areas o f  h o r t i c u l t u r e  w i t h i n  the 
two proposed schemes. I n  the Lower Rakaia Scheme area there  are two 
orchards and some smal l  market gardens c lose t o  Rakaia township, w i t h  
a t o t a l  area of l e s s  than 20 ha. I n  the CRIS the area o f  h o r t i c u l t u r a l  
crops, excluding potatoes, i s  estimated a t  around 250 ha, mainly con- 
centrated i n  the  Dar f ie ld ,  Courtney, and Ro l les ton  d i s t r i c t s .  Crops 
grown inc lude  blackcurrants,  asparagus, g a r l i c ,  vegetables and grapes. 
Discussions w i t h  MAF H o r t i c u l t u r a l  Advisory O f f i c e r s  suggest t h a t  i t  
i s  u n l i k e l y  t h a t  development o f  the Community I r r i g a t i o n  Schemes w i l l  
s t imu la te  r a p i d  expansion o f  h o r t i c u l t u r a l  crops i n  the area. There 
i s  p o t e n t i a l  f o r  increased areas o f  export onions south o f  the Rakaia, 
and f o r  s p e c i a l i s t  h o r t i c u l t u r a l  crops such as ber ry  f r u i t s ,  asparagus, 
gar l ic ,  p ipf ru i t  and 'flowers i n  the Darfield-Rolleston area. However, 
these locations offer  no part icular  comparative advantage over other 
areas potentially i r r igab le  from groundwater. Diversification away 
from the current base w i l l  require the establishment of a new industry, 
b u t  without such an incentive horticulture w i l l  only gradually expand 
and would probably involve l e s s  than five percent of the t o t a l  scheme 
area. 
A similar s i tua t ion  ex i s t s  w i t h  process vegetables. Areas of 
o i l  seed rape, l inseed, process peas and beans i n  Canterbury are  
a l l  contracting because of tightening market conditions, and although 
the free draining s o i l s  of the Central Plains a re  idea l  for such 
crops i f  i r r iga t ion  is  available,  the constraints t o  expansion are 
market related,  rather than due to  the ava i lab i l i ty  of water. 
Another land use which might be influenced by the development 
of the two schemes is  dairying. There is considerable in t e res t  i n  
converting sheep and/or cropping u n i t s  w i t h i n  Mid Canterbury Community 
Irr igat ion Schemes t o  dairying, w i t h  four new suppliers  t o  the Temuka 
Dairy Company having s t a r t ed  i n  1981. 
A recent survey i n  Canterbury/North Otago by Thornton (1981) 
forecasts a doubling of seasonal m i l k  production over the next 
f ive  years, 43 percent from increased production from the 279 
existing factory suppliers,  and 57 percent from new dairy farms. 
Again, however, i n  terms of the t o t a l  area commanded by the two 
schemes, the proportion which could be converted t o  dairying would 
i n  a l l  probability be l e s s  than f ive percent. 
4.3.3 Production Response w i t h  I r r igat ion I r r iga t ion  can 
be expected to  lead t o  an average increase of 70-95 percent i n  stock 
carrying capacity on pasture and lucerne, and average percentage 
yield increases of 65-85 on wheat, 60-68 on barley, 25 on peas, 
77 on ryegrass, and 165-235 on white clover seed compared w i t h  a 
dryland s i tuat ion i n  the Lower Rakaia area (Le Page 1980b: 7-8). 
There is no reason why similar e f fec ts  can not be expected i n  the 
Central Plains area ( r e fe r  t o  Chapter 2.5). 
I n  t o t a l ,  i t  i s  expected t ha t  i r r i g a t i o n  w i l l  lead t o  an increase 
o f  580,000 l i ves tock  u n i t s  (LSU) w i t h i n  the two scheme areas, 35 percent 
o f  which w i l l  be w i t h i n  the LRIS. I t  must be stressed, however, t ha t  
t h i s  increase would take place over a number o f  years - on-farm develop- 
ment i s  scheduled over ten years, and w i t h  the LRIS f o r  instance, border 
dyking i s  not  expected t o  be completed u n t i l  18 years a f t e r  the s t a r t  
o f  scheme operation. Ag r i cu l t u ra l  output from the two areas would be 
expected t o  r i s e  by near ly  $30 m i l l i o n  annually ($December 1981) - 
r e f e r  t o  'Table 4.3). 
4.3.4 Labour Requirements The e f f e c t  o f  i r r i g a t i o n  on the 
demand f o r  farm labour i s  d i f f i c u l t  t o  quant i fy ,  s ince ther, are 
l i t t l e  data and analyses on t h i s  top ic .  Le Page (1980b:g) estimated 
t ha t  an add i t i ona l  78 f u l l - t i m e  labour u n i t s  would be required on 
farms i n  the LRIS area if the scheme was implemented. I f  the same 
assumptions on which these f igu res  were based are appl ied t o  the 
CPIS, the corresponding f i gu re  i s  157 f u l l - t i m e  labour un i t s ,  or  a 
t o t a l  o f  235 across the two pro jec ts .  Some MAF f i e l d  advisory s t a f f  
estimate t h a t  for i r r i g a t i o n  development on an average s ized u n i t ,  
the farmer w i l l  need t o  employ one add i t i ona l  f u l l - t i m e  labour u n i t  
who, i n  most s i tua t ions ,  remains on s t a f f  a f t e r  the development 
per iod because of the add i t i ona l  workload associated w i t h  higher 
stock numbers (Shadbolt, 1982). This ind ica tes  t h a t  the estimate 
o f  235 ex t ra  labour u n i t s  across the 410 farms i n  the two scheme 
areas i s ,  if anything, probably conservative. 
The other s i g n i f i c a n t  impact on labour generated by investment 
i n  community i r r i g a t i o n  schemes i s  t h a t  associated w i t h  the construc- 
t i o n  and operations workforce. While permanent operations s t a f f  
f o r  the two schemes w i l l  probably be less  than 10, the construct ion 
workforce w i l l  be substant ia l ,  and s i g n i f i c a n t  numbers would be 
associated w i t h  maintenance. Estimates can be made using data on 
the workforce associated w i t h  the Waiau I r r i g a t i o n  Scheme, where 
an average d a i l y  workforce o f  around 60 was invo lved  dur ing the 
const ruct ion per iod,  w i th  associated expenditure o f  $4m annually 
(Lewthwaite, 1982). The LRIS would probably invo lve  a works programme 
o f  twice the magnitude o f  t ha t  associated w i t h  the Waiau Scheme, and 
the CRIS up t o  fou r  times the scale. Therefore, average d a i l y  work- 
forces dur ing the const ruct ion per iod would t o t a l  around 120 and 240 
persons respec t i ve ly .  
TABLE 4.3 
Agricultural Outpu t  w i t h  I r r igat ion 1 
(December 1981 prices) 
Scheme Area Lower Rakaia Central Plains Total Lower ~ a k a i a l  River Supply River Supply River Supply Groundwater Supply 
Increases in  livestock 
carried (LSU) 
Value of increased 
stock output - 
Farm gate 






- White Clover 
Value of Increased Crop 
O u t p u t  - Farm Gate 
Total Value of 
Increased Output - 
.Farm Gate 
Source: Estimates by W.A.N. Brown and Associates. 
Indicative estimates only, particularly for the Central Plains Scheme area since no detailed farm-level 
data are  available. Excludes any expansion in horticulture or dairying, since these are not expected a t  
a scale t o  significantly affect resul ts .  
Indicative figures for comparative purposes only. 
4.3.5 Development Costs Projected scheme costs f o r  both the 
Lower Rakaia and Cen t ra l  P la ins  areas are summarised i n  Table 4.4. 
O f f -  and on-farm c a p i t a l  costs are est imated a t  $51m and $112m respec- 
t i v e l y  (December 1981 p r i ces  excluding stock cos ts ) ,  o r  a t o t a l  o f  
$1631~1. Scheme operat ing costs are expected t o  be $3.2m annually, both 
o f f -  and on-farm. 
4.4 The Secondary Impacts 
As described i n  Section 4.2, increased farm output  l e v e l s  due 
t o  i r r i g a t i o n  development create add i t i ona l  demand f o r  goods and 
serv ices from f i rms  which both supply i npu t s  t o  farms and/or process 
o r  handle farm output ,  w i t h  associated m u l t i p l i e r  e f f e c t s  - the 
i n d i r e c t  e f f e c t .  Furthermore, higher turnover l e v e l s  and add i t i ona l  
employment increases aggregate disposable income, which increases 
consumption expenditures w i t h  f u r t he r  concomitant m u l t i p l i e r  ef fects 
the induced e f f e c t .  
I t  i s  no t  poss ib le  w i t h i n  the scope o f  t h i s  review t o  est imate d e f i -  
n i t i v e l y  the ex ten t  o f  these m u l t i p l i e r  e f f ec t s .  ~ a t a ' f r o m  two other 
s tud ies  can be used, however, t o  i nd i ca te  the probable order of magni- 
tude involved. These two s tud ies  are an ana lys is  o f  the reg iona l  
.impacts o f  the Lower Waitaki  and Moreven-Glenavy Schemes (Hubbard and 
Brown, 19791, and de ta i l ed  sec to ra l  m u l t i p l i e r s  der ived for  each 
S t a t i s t i c a l  Area i n  New Zealand (Hubbard and Brown, 1981). The output, 
.employment and income m u l t i p l i e r s  f o r  Canterbury are reported i n  
Appendix 3. 
The Lower Wai tak i  study est imated an employment m u l t i p l i e r  o f  
around 2.0 (Brown and Hubbard, 1980: 16). That i s ,  f o r  every job 
created i n  the a g r i c u l t u r a l  o r  const ruc t ion sectors,  one fur ther  o f f -  
farm job was supported w i t h i n  the region.'' The data f o r  Canterbury 
i nd i ca te  1971/72 sec to ra l  employment m u l t i p l i e r s  o f  2.2 f o r  a g r i c u l t u r e  
and 2.9 for  the  cons t ruc t ion  sector  (Hubbard and Brown, 1981 : 62). 21 
ZU 
Clear ly ,  the  j ob  support impact o f  job  c rea t i on  i n  the a g r i c u l t u r a l  
sector  probably continues over a longer term than t h a t  created by 
- 
temporary expansion o f  a c t i v i t y  w i t h i n  the cons t ruc t ion  sector .  
McFadden (1982) o f  the M in i s t r y  o f  Ag r i cu l t u re  and F isher ies  noted, 
when reviewing a d r a f t  o f  t h i s  chapter, t h a t  t he  higher sec to ra l  
m u l t i p l i e r s  fo r  a g r i c u l t u r e  i n  Canterbury compared w i t h  Otago 
could w e l l  be due t o  the higher p ropor t ion  o f  crop a c t i v i t y  i n  the 
Canterbury d i s t r i c t .  
Scheme Costs (December 1981 prices) 
cn 
Lower Rakaia 1 Lower Rakaia 2 Central Plains 3 
River Supply Groundwater River Supply 
Gross Farm Area 32,040 ha 26,640 ha 64,000 ha 
Off-farm Capital Costs: 
( a) Headworks 
(b) Distribution 
(c) Total 




On-farm Capital Cost2: 
(a) Borde5-dyking 
(b) Spray 
On-farm Operating Costs 6 
Associated Costs: 
(a) Stock 
(b) Additioqal Labour 
(c) Housing 
(d) Yards9and Sheds 8 
( e )  Plant 
( f) Water Supply 10,ll 
Capital 
O & M  
$4.7m $3.9m $8.8m 
78 labour units 65 labour units 156 labour units 
$1.2m $0.9m $1.4m 
$152,000 $126,000 $285,000 
- - $175,000 
1 From be Page (1980b) updated by the MWD CC Index. 
2 Indicative figures for comparative purposes only. 
3 Estimates from MWD and MAF staff, or prorated from the Rakaia data. 
4 $6 ha-' 
1 5 Includes fencing and other non-subsidisable costs, with a weighted average across soil types of $800 ha- . 
6 Weighted average of $1100 ha-l including power reticulation costs. 
7 3 percent of capital costs. 
8 At one house per two labour units, and taking into account surplus housing capacity estimated at 15 in the 
Lower Rakaia area and 40 in the Malvern area. 
9 $750 1000-I LSU (Livestock Units) change. 
10 $50,000 ha cropping area change. 
l1 Capital cost .of $150 ha-', and 0 t M at 3 percent. 
These l a t t e r  figures a re  calculated on average emp1oyment:output r a t io s ,  
and the marginal figures would be expected to  be lower - possibly l e s s  
than 2.0. 
I f ,  on average an employment multiplier of 2.0 i s  assumed 
appropriate i n  the absence of more detailed analysis,  the t o t a l  
employment impact i n  Canterbury of the development of the two river- 
supplied i r r iga t ion  schemes is  estimated a t  around 570 persons, made 
up as  follows: 22 
On-farm employment 235 
MWD operations s t a f f  10 
Scheme maintenance 40 
Total Direct employment 285 
Regional employment 
mult ipl ier  2.0 
Total regional employment 570 
impact 
The b u i l d  up  to  t h i s  l eve l  of job support would match the gradual 
increase i n  agr icul tural  output, appreciating the complementary ef fec ts  
afforded by a declining construction workforce and increasing demand 
for agricul tural  labour. Job impacts, therefore, peak about 10 years 
into the construction programme. 
The data from Hubbard and Brown (1981:62) can a lso  be used t o  
estimate the order of magnitude of t o t a l  output and income impacts 
on the Canterbury region. The output multiplier of 2.1 indicates 
tha t  t o t a l  regional output levels  would increase by around $60 
million annually because of the scheme, and the household income 
impact could be around $11 million annually. While these figures 
are  subject t o  revision, a f t e r  a more detailed assessment of primary 
22 T h i s  employment mult ipl ier  of 2.0 is considerably a t  variance w i t h  
the mult ipl ier 'of  5.0 derived by B. Easton (1982 pers. comm. and 
as  reported i n  the Listener,  "Farming i t  Out"). Easton estimates 
tha t  for every 100 farm workers there are another 410 off-farm 
workers - 35 providing farm inputs, 11 providing investment i n p u t s ,  
137 processing and d is t r ibut ing  output, 125 providing t o t a l  addi- 
t iona l  consumption goods required, and 102 providing additional 
Government services.  There would, however, appear t o  be l i t t l e  
data t o  substant iate  the use of these figures t o  estimate m u l t i -  
p l i e r s  relevant t o  marginal increments i n  agr icu l tura l  output i n  
the Canterbury region. 
impacts and appropriate regional multipliers has been undertaken, they 
do indicate the l ikely order of magnitude for the parameter values. 
4.5 Summary and Conclusions 
T h i s  Chapter has reviewed the regional economic impacts tha t  
could r e su l t  from development of the Lower Rakaia and Central Plains 
I r r iga t ion  Schemes. While more detailed analysis of land use changes 
under i r r iga t ion  and expenditure schedules could firm up the para- 
meter estimates, the data do give indicative levels  of the impacts 
expected. 
Primary economic impacts w i l l  r esu l t  from construction expendi- 
t u re  and increased agr icu l tura l  output. Off-farm and on-farm capi ta l  
costs  are  estimated a t  $163m (excluding stock cos t s ) ,  and the resul tant  
increase i n  agr icul tural  output is estimated a t  j u s t  under $30 million 
annually. A further 285 permanent jobs w i l l  be created, of which 
82 percent w i l l  be on-farm. 
The t o t a l ,  economy wide, economic impacts for the Canterbury 
region are  estimated to  be about double the primary impacts. Annual 
gross output should increase by around $60 million, household income 
by around $11 million and the job support impact should t o t a l  around 
570. 
As indicated previously, fur ther  research could re f ine  these 
estimates, b u t  they do indicate  the l ike ly  magnitude of the regional 
economic impacts associated w i t h  the i r r iga t ion  proposals. Such 
information should a s s i s t  decision makers faced w i t h  resource alloca- 
t ion  decisions i n  a multi-objective framework. 
CHAPTER 5 
SOCIAL AND DEMOGRAPHIC IMPACTS OF THE I R R I G A T I O N  PROPOSALS 
In t roduc t ion  
The s o c i a l  and demographic impacts o f  i n t roduc ing  i r r i g a t i o n  
i n t o  a prev ious ly  dry land farming system are complex and no t  very 
w e l l  understood. I t  i s  commonly assumed t h a t  increases i n  product ion 
w i l l  l ead t o  demand f o r  more labour, which i n  t u r n  w i l l  l ead  t o  
increased populat ion i n  the area, hence increased reg iona l  income. 
I n  studies ca r r i ed  out  for  p lanning purposes, the approaches used 
have tended t o  emphasise the economic dimensions o f  s o c i a l  change. 
Other e f fec ts ,  such as changes i n  land tenure and the age s t r uc tu re  
o f  the r u r a l  populat ion,  are o f t e n  considered t o  be unimportant, are 
not  recognised o r  are avoided due t o  problems o f  measurement. A 
broader view of s o c i a l  impacts i s  needed, s ince the manner i n  which 
an i r r i g a t i o n  scheme develops and i t s  eventual success o r  f a i l u r e  
i s  hardly ever explained by economics alone. 
This Chapter extends the previous discussion o f  r eg i ona l  economic 
impacts i n  severa l  ways. F i r s t l y ,  whi le economic impact methodologies 
are w e l l  developed, s o c i a l  impact assessment, because o f  i t s  more 
complex subject  matter ,  i s  no t  w e l l  developed. I n  the next  sect ion 
s o c i a l  impact assessment methodologies app l icab le  t o  i r r i g a t i o n  
schemes are reviewed, and i n  sec t ion  5.3 the r e s u l t s  o f  previous 
i r r i g a t i o n  impact s tud ies  i n  New Zealand are out l ined.  Secondly, 
add i t i ona l  s o c i a l  and demographic data on the CPIS and LRIS areas 
are presented and the in fo rmat ion  gaps i d e n t i f i e d  (sec t ion  5.4). 
And f i n a l l y ,  the expected change i n  demographic c h a r a c t e r i s t i c s  are 
presented and discussed i n  r e l a t i o n  t o  the income and employment 
changes repor ted i n  Chapter 4. Conclusions and recommendations f o r  
f u r t he r  study are  summarised i n  sect ion 5.6. 
5.2 Soc ia l  Impact Assessment Methodology 
Concern w i t h  the  s o c i a l  impacts' o f  development p r o j e c t s  i s  a 
r e l a t i v e l y  recent  phenomenon, growing w i t h  the increased acceptance 
i n  the l a t e  1960s and e a r l y  1970s t h a t  development p r o j e c t s  were 
no t  uni formly o r  completely "goodft. The study o f  s o c i a l  impact i n  
New Zealand has been promoted by the i n t r oduc t i on  o f  Environmental 
Impact Reporting, although i t  a lso se t  i n  t r a i n  a process which 
revealed i n  the shor t  term t h a t  s o c i a l  s c i e n t i s t s  were i l l - p repa red  
t o  make a con t r i bu t i on  (Fookes 1979:82). 
A c lea r  methodology of s o c i a l  impact assessment has no t  ye t  
emerged, nor has any d e f i n i t i v e  desc r ip t ion  o f  the l e g i t i m a t e  f i e l d  
o f  study. Crothers (1980: 3 )  accepts the d i f f i c u l t y  o f  d e f i n i n g  
t he  'boundariesf o f  s o c i a l  impacts, and emphasises t h a t  a "concern 
w i t h  types o f  people and t h e i r  q u a l i t y  of l i f e f t  should form the  
core o f  s o c i a l  impact studies.  The present study i s  no t  exempt 
from these uncer ta in t ies ,  and although i t  i s  intended t o  f o l l o w  
Crother ls  dictum as f a r  as poss ib le ,  there  i s  no doubt t h a t  bo th  
omission and over - inc lus ion w i l l  occur. For the purposes o f  t h i s  
review, the impact upon areas outs ide scheme boundaries w i l l  genera l ly  
be ignored, and comment upon impacts which appear t o  belong more i n  
t he  economic and environmental sect ions o f  t h i s  review w i l l  be l i m i t e d  
t o  a minimum. 
A s p a t i a l l y  and i n s t i t u t i o n a l l y  extensive development such as 
i r r i g a t i o n  suggests an approach t o  the problem which emphasises 
t he  i d e n t i f i c a t i o n  o f  the invo lved  groups, t h e i r  goals, and the  
r e l a t i onsh ips  between them which may do much t o  determine the  o v e r a l l  
and s p e c i f i c  impacts o f  the innovat ion.  I n  terms o f  the  i n s t i t u t i o n a l  
framework i l l u s t r a t e d  i n  F igure  3.1, an important aspect o f  s o c i a l  
impact assessment i s  t o  r a t i o n a l i s e  the l inkage contained i n  b lock  A. 
The groups concerned i n  an assessment of i r r i g a t i o n  impacts inc lude  
farmers, farm workers, a g r i c u l t u r a l  and t ranspor t  cont rac tors ,  pro- 
v i de r s  o f  other farm and r u r a l  serv ices,  other r u r a l  dwel lers,  County 
Counci ls and many l o c a l  a u t h o r i t i e s  ( r e f e r  t o  Chapter 3.2.2). 
5.3 Previous New Zealand Experience 
I n  the year ended June 1979 there  were 166,402 ha o f  i r r i g a t e d  
l a n d  i n  New Zealand, o f  which 51 percent was i n  Canterbury and 33 percent 
i n  Otago (New Zealand Government, 1979). Major schemes a re  t h e  
Ashburton/Lyndhurst, Mayfield/Hinds and Va le t ta  Schemes i n  Mid-Canterbury, 
us ing  water from the Rangi tata Divers ion Race, those on t he  Lower 
Wai tak i  i n  North Otago and South Canterbury, and the  r ecen t l y  opened 
scheme on the Waiau Pla ins.  
Evans and Cant (1981)23 conducted a post-project s t u d y  of the 
Ashburton/Lyndhurst Scheme covering the period 1945 t o  1976. One 
of the i r  major conclusions was tha t  "the successes of the quiet 
revolution i n  dryland farming have matched those recorded i n  the 
i r r iga t ion  zone" (Evans and Cant, 1981; 62).  During the 1950s and 
1960s farmers were reluctant t o  exploit the potent ial  i r r iga t ion  for 
a number qf reasons, including: 
1. insuff icient  advisory services t o  farmers; 
2. insuff icient  incentives for farmers to  change from well- 
known practices to  more intensive practices which were 
yet unproven; 
3. economic developments (e.g. the wool boom) which made 
the change l e s s  a t t r ac t ive ;  and 
4. the amount of labour and financial input required to  
develop and then operate a manual-shift system of 
i r r iga t ion .  - 
I n  a comment on t h i s  paper, Rickard, Hayman and Stoker (1981) 
of the Winchmore I r r iga t ion  Research Station emphasised tha t  farmers 
i n  the Ashburton/Lyndhurst Scheme had, i n  early decades, used i rr iga-  
t ion as  drought insurance rather than adopting a more comprehensive 
management system of i r r iga t ion  farming. They point t o  the findings 
of Evan and Cant (1981): "... tha t  almost a quarter of the farms i n  
the ' i r r iga t ion1  sample had l e s s  than 50 percent of t h e i r  area i r r i -  
gated", emphasising tha t  the scheme was imposed upon farmers 'from 
above', and tha t  there was no compulsion on them t o  take water from 
the Community Scheme. 
I n  contrast  t o  an average development r a t e  of about one percent 
per year between 1945 and 1975 for the Ashburton/Lyndhurst scheme, 
the Morven-Glenavy Scheme on the Lower Waitaki River achieved a 
r a t e  of ten percent per year between 1974 and 1979 (Maidment -* e t  a1 7 
1980: 41) .  T h i s  increase i n  the r a t e  of on-farm development is due 
largely t o  the fac t  tha t  more recent schemes require tha t  60 percent 
of the landowners owning more than four hectares vote for the scheme 
i n  a public pol l  before works are begun ( refer  t o  Chapter 3 . 3 1 . '  T h i s  
is reinforced by compulsory water charges, levied on a l l  farmers 
23 Also see Evans ( 1977) . 
w i t h i n  the scheme boundaries, t o  pay for  running and maintenance costs 
and repayment o f  h a l f  of the off-farm r e t i c u l a t i o n .  Fur ther ,  incent ives 
have been provided s ince the Malvern-Glenavy Scheme i n  the form o f  
p r e f e r e n t i a l  and suspensory loans t o  farmers f o r  on-farm development. 
With these incent ives,  the an t i c ipa ted  development r a t e  f o r  the 
r e c e n t l y - i n i t i a t e d  Waiau Scheme i n  North Canterbury, f o r  example, i s  
12 percent per year. 
G i l l i e s  (1977a, b ) ,  i n  her studies o f  i r r i g a t i o n  schemes on the 
Lower Waitaki River, compared the s o c i a l  and demographic cha rac te r i s t i c s  
o f  a sample of ea r l y  adopters o f  i r r i g a t i o n  w i t h  those o f  dryland 
farmers i n  an adjacent area. She found t h a t  her ' i r r i g a t i o n  sample1 
tended t o  be younger, had fewer dependants and had absorbed more male 
school-leavers on t o  t h e i r  farms than had dryland farmers. She a lso 
reported an increase i n  popula t ion i n  the i r r i g a t i o n  area, whereas 
the  dryland area had experienced cont inuing decl ine.  These r e s u l t s  
are i n  d i s t i n c t  cont rast  t o  the observations reported by Evans and 
Cant (1981), and may r e f l e c t  a change i n  farmer a t t i t u d e s  as a r e s u l t  
o f  labour-saving border-dyke technology which occurred i n  the l a t e  
1960's and ear l y  1970's. But more important ly ,  they may a lso r e f l e c t  
a t t i t u d i n a l  dif ferences r e l a t i n g  t o  d i f f e ren t  h i s t o r i c a l  features 
o f  farm development i n  Otago and Canterbury. 
Mathieson (1976) examined the decision-making cha rac te r i s t i c s  
and behaviour o f  farmers who had been affected by the  Lower Waitaki 
I r r i g a t i o n  schemes. He found t h a t  those who decided t o  i r r i g a t e ,  
and those who purchased so t h a t  they might i r r i g a t e ,  tended t o  be 
younger than those who so ld  t h e i r  farms ra ther  than i r r i g a t e  (see 
F igure 5.1). I n t e res t i ng l y ,  Mathieson found t h a t  the ma jo r i t y  
(72 percent) of those who so ld  out  agreed t ha t  " I r r i g a t i o n  would 
be the greatest  advantage on my propertyw (p.40). He a lso  found 
t h a t  the greater the l e v e l  o f  education the greater the  w i l l i ngness  
t o  adopt i r r i g a t i o n  (p. 69). S im i l a r l y ,  the greater the  experience 
i n  farming the l ess  the w i l l i ngness  t o  adopt i r r i g a t i o n .  B ~ t h  
re la t ionsh ips  were co r re la ted  w i t h  age, w i t h  o lder  farmers tending 
t o  have l ess  formal education and greater length  o f  t ime farming i n  
t h a t  Val ley. 
FIGURE 5.1 
Lower Waitaki  I r r i g a t i o n  Scheme 
Farmers: Aqes of  I r r i g a t o r s  and S e l l e r s  
Age of Farmers 
Those selling o u t  
Those with more t h a n  
50 acres irrigable 
Source: Mathieson (1976). 
Houghtonls (1980) s tudy  of t h e  Lower Waitaki  communities 
i d e n t i f i e s  a h i s t o r i c a l  d e c l i n e  i n  popula t ion  which "has been 
r eve r sed ,  o r  a t  least  slowed i n  t h e  l a s t  f i v e  yea r s . "  She found 
a change i n  t h e  age  s t r u c t u r e  o f  t h e  a r e a  - "Res idents  n o t i c e  an 
i n c r e a s e  i n  t h e  number of young f a m i l i e s  i n  some communities ... 
t h e r e  i s  no t ,  a cco rd ing  t o  r e s i d e n t s ,  an i n c r e a s e  i n  popu la t i on ,  
bu t  t h e r e  is a change i n  balancet1 ( p .  5 2 ) .  She a l s o  no tes .  (p .  53) 
a 'baby boom1 i n  some communities. She s u g g e s t s  ( p .  55) t h a t  ... " t o  
d a t e ,  p r o d u c t i v i t y  h a s  n o t  i nc reased  a t  t h e  pace expec ted  by some 
observers .  Also, few u n i t s  have h i r e d  e x t r a  l abour ;  a g r e a t e r  i n c r e a s e  
i n  l abour  u n i t s  had been , expec t edw,  and conc ludes  t h a t  i r r i g a t i o n  
appears  no t  t o  have a f f e c t e d  t r e n d s  towards amalgamation. Her conclu- 
s i o n  t h a t  popu la t i on  changes had no t ,  a t  t h a t  s t a g e ,  been a s  g r e a t  
as expected r e c e i v e s  some suppor t  from 1981 Census p r o v i s i o n a l  r e s u l t s .  
Between 1976 and 1981, t h e  r u r a l  a r e a s  of both t h e  Waitaki  and Waimate 
Count ies  dec l ined  i n  popu la t i on  (New Zealand Government, 1981; 46). 
More recent data on popula t ion changes are no t  ye t  ava i lab le ,  but  i t  
does seem tha t  major increases i n  permanent popu la t ion have no t  
occurred as a r e s u l t  o f  i r r i g a t i o n  development i n  t h i s  area. 
The e f f e c t  o f  Community I r r i g a t i o n  Schemes on popula t ion growth 
remains unclear, bu t  t h e i r  r o l e  i n  generat ing change w i t h i n  the pop- 
u l a t i o n  i s  c learer .  A l l  t h ree  o f  the s tud ies  covered i n  t h i s  sec t ion  
r e f e r  t o  a considerable turnover i n  farms s ince the schemes began. 
I n  general, the s tud ies  suggest t h a t  i n  the f i r s t  f i v e  years o f  the 
schemes about 30 percent o f  farms changed hands completely, and 
perhaps a f u r t he r  20 percent changed hands w i t h i n  fami l i es .  (Caution 
i s  necessary here as changes may w e l l  have been i n  name on ly  r a the r  
than e f f ec t . )  
5.4 Basel ine Condit ions f o r  the Study Area 
The populat ion o f  the LRIS and CPIS areas af.fected by the 
proposals (excluding the  Ashburton urban area, 15,265 i n  1981) i s  about 
10,000 a t  present (Table 5.1). The l a rges t  concentrat ions o f  popula- 
t i o n  are a t  D a r f i e l d  (1,151) and Rakaia (750), w i t h  severa l  smal ler  
set t lements both w i t h i n  and c lose t o  the s&eme boundaries (New Zealand 
Government, 1981a). The "Eastern Areau o f  Ashburton County has boundaries 
very s i m i l a r  t o  those o f  the LRIS. Ellesmere County shows s t rong growth 
ove ra l l ,  bu t  t h i s  i s  occur r ing i n  the eastern pa r t s  o f  the County and 
appears t o  be r e l a t e d  t o  p rox im i ty  t o  Christchurch. 
I n  recent  years the  LRIS area has been dec l i n i ng  i n  populat ion.  
Th is  l oss  i s  i nd ica ted  by a dec l ine  i n  the number o f  houses occupied - 
13 dwel l ings - as w e l l  as by the  average numbers repor ted per house- 
h o l d  (New Zealand Government, 1981b: 93). Conversely, the  Ashburton 
urban area experienced a smal l  dec l ine i n  popu la t ion between 1976 and 
1981, bu t  an increase of j u s t  over 400 occupied dwel l ings.  I n  Malvern 
County census mesh b lock  boundaries do no t  f i t  very w e l l  w i t h  the 
proposed CPIS boundaries, which are  i n  any case no t  ye t  as d e f i n i t e  
as those of the LRIS. For Malvern as a whole, a pa t t e rn  of r e l a t i v e  
s t a b i l i t y  i n  numbers i n  the r u r a l  areas and smal ler  set t lements i s  
apparent, w i t h  any growth being concentrated i n  Dar f ie ld .  24 
24 A survey ca r r i ed  ou t  by students o f  the  Geography Department, 
Un ive rs i t y  o f  Canterbury, showed t h a t  near l y  90 percent o f  those 
interv iewed who were e i t h e r  r e t i r e d  o r  w i t h i n  ten  years o f  r e t i r e -  
ment expressed a preference t o  r e t i r e  i n  Dar f ie ld .  
TABLE 5.1 
Population Trends, Central Canterbury 1971-81 
Population % Difference Population % Difference Population 
1971 1971-1976 1976 1976-1981 1981 
Eastern Area of Ashburton County 2 678 + 1.2 2 710 - 5.4 2 563 
Ashburton Urban Area 14 386 + 6.7 15 357 - 0.6 15 265 
Malvern coun'ty 
- outside Christchurch S.D.* 
- ins ide  Christchurch S.D. 
Darfield 




N.Z .  Rural 
- ins ide  S.D.'s 
- outside S.D.9 
* S.D. = S t a t i s t i c a l  Division 
Sources: Department of S t a t i s t i c s  (New Zealand Government, 1981b), and Census of Population and Dwellings 
Provisional S t a t i s t i c s  Ser ies ,  Bul le t in  1, pp. 43 and 45 (New Zealand Government, 1981a). 
Evidence from the 1976 Census suggests t h a t  re t i rement  t o  urban 
ra the r  than r u r a l  areas a lso appears t o  occur i n  the LRIS area. The 
area was d iv ided  i n t o  a "more farm1' pa r t ,  comprising most o f  the 
scheme area, and a " less  farmf1 p a r t ,  comprising the Rakaia township 
and a more densely populated area c lose t o  Ashburton. Youth fu l  
dependency rat ios,25 a t  549 per thousand f o r  the "more farmn area 
and 480 per thousand f o r  the " less  farm1' area, are not  g r e a t l y  d i f f e r e n t .  
Aged dependency r a t i o s ,  however, a re  79 per thousand for  the  "more 
farm1' area and 146 per thousand fo r  t he  " less  farm1' area, i n d i c a t i n g  
f a r  more aged people p ropo r t i ona l l y  i n  the " less  farm" area. 
The age/sex s t r uc tu re  o f  r u r a l  Malvern County and o f  the  LRIS, 
summarised i n  F igure  5.2, shows some d i f fe rences  between the  two 
which may a f f e c t  t he  response t o  i r r i g a t i o n  in t roduc t ion .  Rura l  
Malvern has a younger popu la t ion w i t h  the notable exception o f  males 
i n  the 15 t o  19 age group. On the bas is  of these l i m i t e d  data, two 
imp l i ca t i ons  may be worth pursuing: 
1. t h a t  the greater  r e l a t i v e  number o f  young males i n  the  
LRIS may r e f l e c t  employment on farms which have al ready 
adopted i r r i g a t i o n  v i a  groundwater development, and 
2 .  t h a t  the general ly  o lde r  popu la t ion i n  the LRIS area 
may lead t o  h igher r a tes  o f  farm turnover than might 
occur i n  r u r a l  Malvern i f  r i ve r -supp l ied  i r r i g a t i o n  
i s  provided. 
More d e t a i l i e d  in format ion w i l l  s h o r t l y  'become ava i l ab l e  v i a  
the  1981 Census o f  Populat ion and Dwell ings. This demographic 
in fo rmat ion  should be s u f f i c i e n t  t o  prov ide basel ines and t o  g i ve  
a more accurate i n d i c a t i o n  o f  the  main demographic processes operat- 
i n g  i n  the scheme areas over the  l a s t  few years. With t h i s  i n fo rmat ion  
i t  w i l l  be poss ib le  t o  se t  up d e t a i l e d  working hypotheses concerning 
the  range of poss ib le  demographic impacts t h a t  could accompany i r r i g a -  
t i o n  development. 
25 Youth fu l  dependency r a t i o s  are  der ived by d i v i d i n g  the  number o f  
i nhab i t an t s  0-14 years o l d  by the  number o f  i nhab i tan ts  15-64 years 
o ld.  Aged dependency r a t i o s  are  ca lcu la ted  by d i v i d i n g  the  number 
o f  i nhab i tan ts  65 years and over by the  number o f  i nhab i tan ts  15-64 
years. Both r a t i o s  are expressed as u n i t s  per thousand. 
FIGURE 5.2 
Age-Sex S t r u c t u r e  R u r a l  Malvern and 
Lower Raka ia  Scheme Area,  1981 
7- - 1  Females 
% o f  T o t a l  
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A t  t h e  p r e s e n t  time t h e r e  is  a l a c k  of i n f o r m a t i o n  a v a i l a b l e  con- 
c e r n i n g  r u r a l  s o c i a l  s t r u c t u r e s ,  g o a l s  o r  decis ion-making p r o c e s s e s  
o f  farm owners,  managers and workers .  F r e n g l e y  (1979) i n t e r v i e w e d  a 
random sample of f a r m e r s  i n  t h e  LRIS a r e a  t o  de te rmine  t h e i r  percep-  
t i o n  of  r i s k  a s s o c i a t e d  w i t h  a f u t u r e  change t o  an i r r i g a t e d  fa rming  
sys tem.  His , r e s u l t s  s u g g e s t e d  t h a t  f a r m e r s  were d e f i n i t e l y  r i s k - a v e r s e ,  
and t h a t  t h e  a c t u a l  r a t e  o f  a d o p t i o n  may t u r n  o u t  t o  be  s i g n i f i c a n t l y  
less t h a n  t h e  p o t e n t i a l  rate assumed by p r o j e c t  p l a n n e r s .  More r e c e n t  
s t u d i e s  by Greer (1982) and Beck (1982) a r e  e x p e c t e d  t o  s h e d  more 
l i g h t  on t h e  r o l e  of  farmer m o t i v a t i o n  i n  e x p l a i n i n g  t e c h n o l o g y  adop- 
t i o n  and observed  farm i n v e s t m e n t  b e h a v i o u r .  C o n s i d e r i n g  t h e  impor tance  
o f  t h i s  i n f o r m a t i o n  i n  a p p r a i s i n g  scheme i m p a c t s ,  it is d e s i r a b l e  
t h a t  r e s e a r c h  work i n  t h i s  area is c o n t i n u e d .  
E x p e c t a t i o n s  o f  I r r i g a t i o n  Devel'opment Impacts  
Working t h r o u g h  t h e  a s s u m p t i o n s  made by Le Page (1980b) w i t h  
respect  t o  the LRIS,'~ a f i gu re  of about 80 ex t r a  on-farm jobs emerges 
as a d i r e c t  r e s u l t  o f  i r r i g a t i o n  development ( r e f e r  t o  Chapter 4.3). 
I d e n t i f i c a l  assumptions app l ied t o  expectat ions ou t l i ned  by Le Page 
and R i t c h i e  (1980) produce a f i gu re  o f  90-100 labour u n i t s  as the 
e x t r a  on-farm requirements i n  the groundwater area o f  the scheme, 
assuming t h a t  the whole o f  t h i s  area would be spray i r r i g a t e d .  
These f i gu res  are approximately one a d d i t i o n a l  labour u n i t  f o r  
every two i r r i g a t e d  farms, and agree w i t h  Hubbard and Brown's (1979: 
108) est imate o f  30 jobs d i r e c t l y  created by i r r i g a t i o n  on a scheme 
covering, a t  the time, j u s t  under one quar ter  o f  the proposed LRIS 
area. 27 Quoting from Hubbard and Brown, such estimates . . . "assume 
a l i n e a r  r e l a t i onsh ip  between employment and output  ... i t  would 
appear t ha t ,  i n  the ma jo r i t y  o f  cases, farmers have not  employed 
ex t r a  f u l l - t i m e  labour but  have, instead,  increased t h e i r  own work- 
loadn, and they go on t o  suggest t h a t  30 new jobs i s  probably an 
overestimate. They a lso est imate t h a t  a f u r t h e r  77 jobs r e l a t e d  t o  
a g r i c u l t u r e  would have been created fo l l ow ing  increased product ion.  
The requ i red const ruc t ion labour fo rce  f o r  i n take  works and 
o ther  o f f - fa rm s t ruc tu res  can be est imated w i t h  ra the r  more c e r t a i n t y .  
Work commenced on the Waiau P la i ns  I r r i g a t i o n  scheme i n  North Canterbury 
i n  November 1980. The Water and S o i l  D i v i s i o n  o f  the MWD (Lewthwaite, 
1982) advises t h a t  dur ing the peak cons t ruc t ion  phase some 20 persons 
w i l l  be employed by the MWD on and off-farm. Approximately 60 con- 
t r a c t o r s  p l us  s t a f f  are a t  work on the  scheme on any one day. F i f t e e n  
o f  these are l o c a l  residents.  Many o f  those who do not  l i v e  i n  the  
area permanently have rented houses and cottages. 
The above f i gu res  are est imates o f  average numbers, and may no t  
ho l d  f o r  years two through f i v e  o f  t he  p ro j ec t .  They would r equ i r e  
doubl ing f o r  the LRIS and quadrupl ing f o r  t he  CPIS i f  the same pro- 
p o r t i o n a l  r a t es  of development (12 percent  per annum) are t o  be achieved. 
These est imates are below those f o r  d i r e c t  const ruc t ion p ro jec ted  on 
26 The major assumptions were: one e x t r a  labour u n i t  would be 
requ i red  f o r  every 2,500 ex t r a  stock u n i t s ;  one labour u n i t  
change f o r  every 100 ha change i n  the  amount o f  crop grown; 
changes towards cropping on spray and/or b e t t e r  s o i l  areas; 
changes towards pasture on border-dyke and/or l i g h t e r  s o i l  areas. 
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t he  basis of Hubbard and Brown's (1979) estimates. The impact o f  the  
const ruc t ion workforce w i l l  tend t o  be l oca l i sed  because the bu lk  o f  
the  work w i l l  be taken up w i t h  i n t ake  s t ruc tures and main races. I n  
the case o f  the LRIS much o f  t h i s  work w i l l  take place c lose t o  the 
Rakaia township, and i n  the case o f  the CPIS t o  the west o f  Hororata. 
The s tud ies  o f  e a r l i e r  i r r i g a t i o n  schemes reviewed above prov ide 
a c r i t i c a l  base from which t o  examine suggestions t ha t  i r r i g a t i o n  
cou ld  have a considerable impact upon demographic and s o c i a l  systems 
i n  c e n t r a l  Canterbury. Douglass e t  a l .  (1979: 44) suggest t h a t  the 
LRIS i s  . . . " i s  not  expected [ t o ]  lead t o  any major s o c i a l  change 
i n  t he  form o f  populat ion s ize,  set t lement densi ty  and farm size." 
Other evidence from previous schemes suggests t h a t  p ro jec t ions  o f  
l a r g e  increases i n  on-farm employment should be t rea ted  w i t h  scepticism. 
Houghton (1982) comments w i t h  respect  t o  the Waitaki experience ... 
"A pre l iminary  review suggests t h a t  the  schemes have had l i t t l e  
e f f e c t  on l o c a l  populat ion densi ty ,  s i ze  and composition." The 
sca le  o f  ex t r a  employment which i s  possib le,  and the ex tent  t o  which 
i t  may have permanent s o c i a l  and demographic e f f e c t s  upon Cent ra l  
Canterbury are major research questions which w i l l  r equ i re  f u r t h e r  
study. The pa t te rn  o f  these outcomes w i l l  be shaped by the responses 
o f  farmers and providers o f  r u r a l  serv ices t o  the oppor tun i t i es  and 
the  challenges created by the development o f  the schemes. 
I r r i g a t i o n  schemes tend t o  d i f f e r  from other development pro- 
j e c t s  i n  t h a t  reg iona l  bene f i t s  are, p o t e n t i a l l y  a t  l eas t ,  as great ,  
i f  no t  greater  fo l l ow ing  cons t ruc t ion  than they are dur ing the con- 
s t r u c t i o n  phase. They a lso  d i f f e r  i n  t h a t  there  i s  fa r  more over lap 
between the phases i n  terms of t ime, and i n  terms o f  the k inds o f  
exper t i se  they requ i re .  This suggests t h a t  long-term reg iona l  develop- 
ment might be promoted by planning f o r  compatab i l i ty  between the  
sca le  o f  the const ruc t ion and the  operat ing phases o f  the proposed 
schemes. 
The r a t e  a t  which the proposed schemes are t o  be developed 
obviously has important imp l i ca t i ons  regarding t h e i r  impact upon 
t he  a g r i c u l t u r a l  serv ices sector  o f  Cent ra l  Canterbury. A f a s t  
r a t e  o f  development appears t o  be pre ferab le  from the narrow*view- 
p o i n t  of 'scheme economics', as suggested i n  Chapter 2, bu t  the  
a b i l i t y  o f  l o c a l  cont rac tors  and o thers  t o  supply the necessary 
serv ices i n  support o f  the const ruc t ion phase could be severely 
tested.  As i s  cu r ren t l y  happening i n  the  Waiau P la ins ,  the r a t e  
o f  on-farm development i s  l i m i t e d  by cont rac tor  serv ices and no t  
by the farmers themselves. 
I f  the  r a t e  o f  development o f  an i r r i g a t i o n  scheme could be 
he ld  t o  a l e v e l  which would no t  overload l o c a l  serv ice  and i n f r a -  
s t r uc tu re  capaci t ies,  then i t  i s  poss ib le  t h a t  fewer o f  the work- 
fo rce  invo lved might have t o  be brought i n  from outs ide the region. 
As the const ruc t ion phase wound down, they might s h i f t  from work 
on the  scheme t o  f i l l  on-farm employment demand created by the 
scheme i t s e l f .  Hence, the p o s s i b i l i t y  o f  promoting long term reg iona l  
development through c a r e f u l l y  planned use o f  ava i lab le  resources 
e x i s t s  and i s  worthy o f  considerat ion.  However, t h i s  would poss ib l y  
i nvo l ve  accepting add i t i ona l  na t i ona l  costs  i n  the  const ruc t ion o f  
a scheme, and a slower r a t e  a t  which p r o d u c t i v i t y  bene f i t s  come 
on-stream. 
5.6 Conclusions andRecommendations 
I r r i g a t i o n  holds the p o t e n t i a l  t o  g r e a t l y  increase the  produc- 
t i v i t y  o f  the  Cent ra l  Canterbury P la ins .  Increases may come about 
through reduct ion o f  the drought hazard, the  i n t e n s i f i c a t i o n  o f  
e x i s t i n g  farming enterpr ises,  and the  adoption o f  new ones (e.g. 
da i ry ing ,  h o r t i c u l t u r e ) .  
I t  i s  known t h a t  these developments may induce s o c i a l  and 
demographic changes, such as increased farm ownership turnover, 
increased demand f o r  on-farm labour and, consequently, changes i n  
the agehex s t r uc tu re  of an area. The nature o f  these impacts w i l l ,  
f o r  t he  most pa r t ,  be determined by MWD planning, and by the capac i ty  
o f  l o c a l  and reg iona l  communities t o  supply the necessary support 
services. 
The impacts o f  on-farm cons t ruc t ion  and p o t e n t i a l  product ion 
increases w i l l  depend very much on how farmers reac t  t o  the p o s s i b i l -  
i t i e s  i r r i g a t i o n  provides. There appear t o  be three d i f f e r e n t  types 
o f  response: sel l -up,  adopt as a r isk-min imis ing strategy,  o r  adopt 
a new management approach which makes maximum use of the resource. The 
social, demographic and economic implications would clearly be different 
for each strategy. The reactions of farmers will, in turn, be 
determined partly by the extent to which present productive resources 
are utilised, and partly by the goals of the farm families concerned. 
Further research into the potential social and demographic impacts 
of irrigation development in Central Canterbury is advisable before 
any firm decisions are made regarding implementation. With respect to 
specific research needs, three areas of study should prove useful to 
planning agencies in the near and longer terms: 
1. to identify and evaluate ways in which the proposed 
irrigation developments can be used to achieve a 
wider set of local, regional and national socio- 
economic goals, such as employment creation, rural 
stability and quality of life aspects; 
2 .  to make a careful assessment of the region's human 
resources and the capacities of local communities 
to make the most of irrigation development oppor- 
tunities; and 
3. to establish a sound information base from which 
change can be monitored, more accurately predicted, 
and used by local and regional planning bodies. 
Sources of data for these studies would include the 1981 Census 
which would enable more precise demographic and social baselines to 
be derived. Also, a detailed review of existing South Island irri- 
gation schemes would provide useful case study data of a cross- 
sectional and longitudinal nature that could lead to considerable 
insights for irrigation development planning in Central Canterbury. 
Further survey work will also be necessary, particularly of those 
people living in and around the scheme boundaries, in order to 
establish relevant and worthwhile targets for gauging performance. 

CHAPTER 6 
THE ENVIRONMENTAL IMPLICATIONS OF IRRIGATION DEVELOPMENT 
6.1 Introduction 
This chapter presents an overview of the public concerns that 
have arisen in recent months relating to the environmental consequences 
of abstraction, and attempts to provide evidence which may support or 
lessen their importance. Not all the issues or evidence available 
are reported as this would be clearly beyond the scope of this review. 
This Chapter is organised in four sections. In Section 2 a 
review of the literature on biological resources of the river is 
given together with an outline of present knowledge concerning the 
possible impacts irrigation abstraction will have on the stability 
and maintenance of wildlife habitats. Section 3 reviews previous 
work on the recreational importance of the Rakaia. Earlier studies 
are described and.their results compared, and recreation uses and 
amenity values which have not been studied are highlighted. A pre- 
liminary estimate of the economic importance of recreational salmon 
and trout angling is reported. 
The implications of river water abstraction for commercial salmon 
ranching on the Rakaia are described in Section 4. The environmental 
requirements of anadromous salmon are reviewed and the critical para- 
meters which could be influenced by irrigation development are discussed. 
Indicative estimates of the commercial economic worth of salmon ranch- 
ing on the river are calculated. Section 5 reviews previous studies 
of the interaction between irrigation and groundwater quality. The 
experience of nitrate pollution in Canterbury is reviewed, and the 
relationship between land use and levels of nitrate concentration in 
shallow aquifers is examined. Implications for irrigation scheme 
planning and further research are described in Section 6. 
Effects of River Water Abstraction on Biological Resources 
The effects of water abstraction on multi-channel or braided 
river systems are neither well-understood nor easily predicted. 
For instance, it is not known how abstraction affects the distribution 
cf water w i t h i n  the braids ( i . e . ,  is  a constant percentage of water 
removed from each braid or do the smaller braids dry up?) or how it  
af fec ts  losses of r iver  water to  groundwater (Sagar, 1979). The 
o n l y  predictions that  can be made w i t h  any degree of certainty are 
( from Maidment - e t  a1 9 1979) : 
l ,  the spa t ia l  e f fec ts  of abstraction  ill be most severe 
i n  lower reaches of the river where the most braiding 
occurs and losses to  groundwater are greatest ,  and 
2 .  the temporal e f fec ts  of abstraction w i l l  probably be 
most severe i n  l a t e  summer, when r iver  flow is  dropping 
from its November maximum and i r r iga t ion  demands are 
reaching the i r  peak. 
Data on the e f fec ts  of abstraction on hydrological features 
of single channel r ivers  (both i n  New Zealand and overseas) have 
been summarised by Church e t  a l .  (1979) (Figure 6.1) .  These indicate 
that  the primary ef fec ts  are  reduced depth and reduced current f low. 
Secondary ef fec ts  may include reductions i n  current velocity, wetted 
perimeter, cross-sectional area, surface area and concentrations of 
dissolved oxygen, increased sedimentation a n d  a lga l  production, and 
changes i n  water temperature (usually higher maxima and lower minima 
and higher monthly means) and i n  the amount and/or type of cover. 
FIGURE 6.1 
The Effects of Water Abstraction on Rivers 




Source: Church e t .  a l .  (1979). 
Abstraction from the Rakaia may also cause the lagoon t o  increase i n  
depth and the mouth to  close (Kirk e t  a l . ,  1977). Increased coastal  
erosion may occur, and land adjacent t o  the lower r iver  margins may be 
more prone t o  flooding. 
6.2.1 Biological Resources a t  R i s k  A review of the l i t e ra tu re  
indicates that  f i s h ,  aquatic invertebrates and river-nesting b i r d s  
consti tute the dominant wildl i fe  of the Rakaia River bed. I n  the 
region surrounding the r ive r ,  waterfowl, other insectivorous and 
predatory birds,  and mudfish, arthropods and small mammals are found. 
Frogs, geckos and s k i n k s  a lso inhabit the riverbed and/or surrounding 
areas, although these are  not mentioned i n  the l i t e r a t u r e .  
F i s h  Twenty-one species of f i s h  inhabitat  the Rakaia River 
system and more than half migrate a t  some stage of the i r  life-cycle 
between fresh water and the sea (Davis, 1979). Seventeen species 
are native and the remaining four are introduced salmonids. Eight 
species are of recreational and/or commercial i n t e r e s t ,  particularly 
the brown and rainbow t rout  and the quinnat salmon. 
Fisheries biologis ts  are not yet i n  a position to  specify 
the effect  of water abstraction on the f i sh  populations of the 
Rakaia. A t  present, l i t t l e  is known about how the proposed irri- 
gation schemes w i l l  a f fec t  parameters important i n  the micro-habitat 
of stream f i sh ,  par t icular ly depth and velocity,  b u t  a lso temperature, 
substrate,  and cover. Furthermore, even i f  physical sc ien t ies t s  could 
predict changes i n  such parameters and channel form, aquatic ecology 
is not yet a t  the stage where the changes i n  the numbers of f i s h  
associated w i t h  any part icular  flow regime can be quantified (Stalnaker, 
1980). A more detai led discussion of these aspects is reported i n  
Appendix 4. 
Despite these d i f f i c u l t i e s  an attempt was made to  develop some 
preliminary prediction about the most probable, mainly d i rec t ,  impacts 
of low flow on Rakaia f i sh  populations. These are  summarised i n  
Table 6.1. 
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1. F i s h  species most l ike ly  to  be s ignif icant ly affected by loss  
of habitat i n  the main r iver  below the Gorge are  juvenile salmon, 
brown t rout ,  long-finned ee ls ,  short-finned ee l s ,  torrent  f i sh ,  
blue-gilled bulliess,  upland bul l ies  and possibly la rva l  lampreys. 
2 .  F i s h  species whose habi tat  i s  most l ikely to  be s ignif icant ly 
affected by changes i n  the lagoon and r iver  mouth are  inanga 
(whitebait) , flounders, kahawai, yellow-eyed mullets, common 
smelt, S toke l l l s  smelt and common bullies.  
3 .  Species whose migrational passage is l ike ly  to  be s ignif icant ly 
affected by low r iver  flows and/or closure of the r iver  mouth 
i n  l a t e  summer are  adult  salmon (moving upstream t o  spawn), and 
adult eels  and inanga (moving downstream t o  spawn). Koaro 
.hatchlings moving downstream and adult lampreys moving upstream 
may also be affected. 
4. Long-jawed galaxias,  alpine galaxias, common r iver  galaxias, brook 
char and rainbow t rout  are  unlikely t o  be affected by i r r iga t ion  
proposals as they l i v e  i n  the r iver  predominantly or completely 
above the highest point of abstraction. 
5. Species considered to  be a t  the greatest  potent ial  r i sk  because 
of the i r  overall  habi ta t ,  feeding, migrational, and/or spawning 
requirements and t h e i r  recreational and/or commercial importance, 
are ( i n  approximate order of r i sk ) :  salmon, long-finned and 
short-finned ee l s ,  inanga and brown trout .  Also a t  some r i sk  
b u t  of l i t t l e  or no recreational or commercial importance (although 
they are  of s c i e n t i f i c  in t e re s t )  are: to r rent  f i s h ,  blue-gilled 
bul l ies ,  upland bu l l i e s ,  lampreys and possibly koaro. 
B i rd s  The Rakaia River and i ts environs a re  home to  43 species 
of b i r d s  during a t  l e a s t  par t  of the i r  l ife-cycle.  Twenty-two of 
these are native species. A minimum of eight species nest during 
spring-summer i n  the riverbed i t s e l f ,  some almost exclusively i n  
t h i s  r iver  (Turbott, 1969). These are the black-billed gul l ,  black- 
fronted tern,  South Island pied oystercatcher, wrybilled plover, pied 
s t i l t ,  banded dot te re l ,  black-backed gul l  and p ip i t .  A l l  of these 
species are  e i ther  native or endemic, and a l l  b u t  the black-backed 
gul l  are ful ly  protected (Marshall e t  a l . ,  1972, 1973). 
Of these eight river-nesting species, most concern is directed 
towards the f a t e  of the w r y b i l l  (e.g., Douglass * e t  a1 7 1979). 
T h i s  species i s  regarded as  an international ornithological oddity; 
i t  i s  unique amongst birds i n  having a laterally-curved b i l l  (Hay, 1979). 
Some concern i s  also directed towards the survival of the black-fronted 
te rn .  Although the t o t a l  population of wrybills is  not extremely low 
(about 6,000 to  7,000 according to  Hay, 1979), the r e s t r i c t ed  habitat  
preferences of t h i s  species make it vulnerable to  any further reductions 
i n  habitat .  
Proposals to  modify the natural flows of the Rakaia River, which 
is  the most important breeding ground of the wrybill are  therefore 
of considerable public i n t e r e s t  (Hughey, 1982). Since the birds are 
confined to  nesting i n  open areas of clean shingle, regions of the 
riverbed tha t  have been invaded by exotic weeds ( lupin,  gorse and 
broom) are useless to  breeding birds. Periodic freshes and floods 
keep the shingle bed f ree  from vegetation; however, a reduction i n  
r i ve r  flow may lead to  the encroachment of these plants onto the wrybillsl  
' 
already limited nesting habi tat .  Such a phenomenon has already occurred 
i n  the Lower Waitaki River as  a r e su l t  of controlled flow (Hay, 1979). 
Water abstraction may also adversely a f fec t  wrybill and other 
riverbed bird populations by reducing the abundance and ava i lab i l i ty  
of the aquatic invertebrates on which they feed, by allowing increased 
access for mammalian predators and humans t o  the normally isolated 
nesting islands and by a t t r ac t ing  black-backed gul l s  (predators of 
eggs and chicks) to  nearby s i t e s  of human ac t iv i ty  (Douglass 
1979) . 
The remainder of the avirfauna of the region comprises birds 
of the coast,  swamps and inland waters. Coastal lagoons, swamplands 
and some of the slower-flowing s ide streams of the Rakaia River are  
used by waterfowl, some of which are  hunted for sport .  Drainage 
of swamps has been responsible for the loss  of much of t h e i r  habitat  
and some populations have consequently declined. 
Water abstraction may reduce the feeding areas and i so la t ion  
from predators (such as  f e r r e t s ,  r a t s  and s toa t s )  of waterfowl breeding 
on the slower-flowing s ide streams of the Rakaia River. Reductions 
i n  flow, i f  they lead to  drying of s ide braids, may also reduce the 
ava i lab i l i ty  of hatching insec ts  on which insectivorous birds  such 
as f a n t a i l s  feed. However, some f ish-eat ing b i r d s  (e.g. shags, 
herons, g u l l s )  may der i ve  short-term bene f i t  from low f lows as 
f i s h  concentrate i n  pools and are then more eas i l y  caught. 
Other Animals Arthropods o f  s c i e n t i f i c  i n t e r e s t  are  found 
i n  the subterranean waterways and indigenous grass swards o f  the 
Rakaia reg ion (Douglass e t  a l . ,  1979); however, i t  i s  no t  known 
i f  these are l i k e l y  t o  be a f f ec ted  by the proposed i r r i g a t i o n  schemes. 
Several species o f  smal l  mammals, o f  which rabb i t s ,  hares, f e r r e t s  
and weasels are the  most common, support a  small-game hunt ing a c t i v i t y .  
I t  i s  bel ieved t h a t  these are not  sens i t i ve  t o  changes from i r r i g a t i o n .  
I n  fac t ,  reduced water flows could increase the food supply o f  
mustelids, and a lso r a t s  and cats,  by prov id ing eas ier  access t o  the 
eggs and chicks o f  b i r d s  nes t ing  i n  the r iverbed.  
Veqetation The major s i t e s  o f  bo tan ica l  s i gn i f i cance  i n  the 
reg ion are found on Great I s l a n d  and Feeday I s l and  near the  mouth 
o f  the Rakaia River.  The area a t  the top o f  these two i s lands  contains 
a  wide va r i e t y  o f  n a t i v e  species formerly more widespread throughout 
the area, and has the s ta tus  o f  "a reserve se t  aside f o r  p ro tec t i ve  
works.If The undisturbed s o i l s  and ra re  na t i ve  vegeta t ion associat ions 
make t h i s  reserve o f  h i gh  bo tan i ca l  value, and the area i s  regarded 
as unique i n  the Canterbury P la ins .  However, water abs t rac t ion  could 
endanger t h i s  area. Nor thwester l ies  d r i v e  water through channels 
i n  which ferns  are found, and bo tan is ts  from DSIR regard per iod ic  
f l ood ing  as essen t ia l  f o r  long-term maintenance o f  the  area (Douglass 
6.2.2 Possib le E f f e c t s  on Other River Systems A p o t e n t i a l l y  
important environmental concern, although i t  i s  has rece ived l i t t l e  
a t t e n t i o n  thus far ,  i s  the  quest ion o f  what happens t o  the  d ive r ted  
water a f t e r  i r r i g a t i o n .  The p o s s i b i l i t y  o f  intercatchment t rans fe r ,  
f o r  example i n t o  the  Selwyn River  and i t s  t r i b u t a r i e s ,  has been 
ra ised  as a  means o f  m i t i g a t i n g  the  periods o f  no-flow, which cu r ren t l y  
necessi tate t r o u t  salvage operat ions i n  t h a t  r i v e r  dur ing the summer 
(Hughey, 1980). While t h i s  might work, i t  would a lso  reduce the 
q u a l i t y  o f  the normally c l ea r  Selwyn ( increas ing i t s  s i l t  and n u t r i e n t  
concentrations) and might a l so  have det r imenta l  e f f e c t s  on the ecology 
o f  Lake Ellesmere, i n t o  which the  Selwyn drains. Lake Ellesmere i s  
the region's main wetland ecosystem, and changes i n  i ts  water level  
and/or increased discharge of nutr ients  could worsen its already 
eutrophic waters. 
I r r igat ion development may also jeopardise the survival of a 
unique and little-known f i s h  'found i n  the Rakaia region, the Canterbury 
mudfish. Several factors  have already challenged the survival of t h i s  
species,  i n  par t icular ,  drainage of the swamps i n  which it l ives  and 
conversion of these to  pasture (Eldon, 1979). I t  is l i s t e d  i n  the 
International Union for the Conservation of Nature Red Data Book on 
endangered species of f i sh  (McDowall, 1980). T h u s  p r ior i ty  should be 
given during any future farm development (including the construction 
of i r r iga t ion  raceways) towards minimising any further reduction i n  
habi tat  of t h i s  unique f i sh .  I n  par t icular ,  diversion of i r r iga t ion  
water into the Hororata River should be viewed w i t h  concern, since t h i s  
is an important habitat  of the f i sh .  
6.2.3 Enhancement Poss ib i l i t i e s  I t  is  possible t h a t  i r r iga t ion  
development could i n  f ac t  enhance the survival of the Canterbury mud- 
f i sh  as it is known t o  occur i n  i r r iga t ion  races. Other poss ib i l i t i e s  
for  the enhancement of wi ld l i fe  as  a consequence of i r r iga t ion  are 
discussed by Douglass e t  a l .  (1979). These include stocking main 
i r r iga t ion  races w i t h  brown t rou t ,  and developing parts  of the i r r iga-  
t ion  system as waterfowl habi tat .  Brown trout  are  adaptable t o  i r r iga-  
t ion  races ( for  example the Ashburton-Lyndhurst system), but tend 
t o  be smaller and more prone t o  disease than those i n  natural  waters. 
Enhancing the region's salmon stock may also be possible w i t h  sui table  
modification to  i r r iga t ion  races and intake s t ructures  and very careful 
water management. Appendix 4 contains a more detailed discussion of 
the pros and cons associated w i t h  such poss ib i l i t ies .  
The i r r iga t ion  system could more readily be adapted t o  provide 
waterfowl habitat .  I r r iga t ion  races per se  are  inadequate, as  water- 
fowl prefer standing water and nearby shel ter  for nesting. However, 
par t s  of the race system could be modified t o  provide permanently 
flowing subsidiary channels or ponds. Douglass e t  a l .  (1979: 76) 
provide d e t a i l s  of how settlement ponds might be designed for  the 
benefit  of ducks and geese. 
6.2.4 Research i n  Progress Several government departments and 
research organisat ions are c u r r e n t l y  gather ing data on features re levan t  
t o  the w i l d l i f e  o f  the Rakaia River.  The Environmental Hydrology Group 
o f  the M in i s t r y  o f  Works and Development, the North Canterbury Catchment 
Board, and the Water Abst rac t ion Team from the F isher ies  Research D i v i s i o n  
(FRD) o f  the M in i s t r y  o f  Ag r i cu l t u re  and F isher ies ,  are a l l  i n  the 
process o f  gathering in fo rmat ion  on how phys ica l  parameters o f  the 
r i v e r  change under n a t u r a l  low f lows. These s tud ies  w i l l  enable the  
e f f e c t s  o f  water abs t rac t ion  on the  hydrology and morphology o f  the 
r i v e r  t o  be made much c lea re r  i n  the fu ture .  
The FRD (MAF) are c o l l e c t i n g  in format ion about the l i f e  h i s t o r i e s  
o f  the f i s h  o f  the Rakaia, t h e i r  d i s t r i b u t i o n ,  abundance, and movements 
w i t h i n  the  r i v e r ,  and t h e i r  s p e c i f i c  hab i t a t  requirements. The d i s t r i -  
bu t i on  and abundance o f  i nve r teb ra tes  are a lso under study. The 
importance o f  the main r i v e r  i n  r ea r i ng  j uven i l e  f i s h  (espec ia l l y  
salmon) on t h e i r  way t o  the  sea, the importance o f  r ec rea t i ona l  salmon, 
t r o u t  and whi teba i t  f i s h e r i e s  i n  the  Rakaia, and o f  the species compo- 
s i t i o n  and abundance o f  zooplankton and epibenthic inve r teb ra te  populat ions 
i n  the Rakaia Lagoon are  a l l  p a r t  o f  the FRD's impact eva luat ion which 
i s  scheduled f o r  complet ion i n  e a r l y  1983 (Glova, 1981). 
The W i l d l i f e  Service o f  the Department o f  I n t e r n a l  A f f a i r s  and 
Hughey (1982) are p resen t l y  i n ves t i ga t i ng  the b i r d l i f e  o f  the Rakaia 
River.  The W i l d l i f e  Serv ice i s  prepar ing a  r epo r t  on the importance 
o f  each o f  the major Canterbury r i v e r s  f o r  p a r t i c u l a r  b i r d  species 
(Moore, 1982), and the  hydro log ic  requirements o f  the w r y b i l l  and the 
b lack- f ronted t e r n  are being examined by Hughey. 
6.3 Recreat ional  Imoacts and Oooortuni t ies 
As w i t h  any major change i n  a  n a t u r a l  environment, i t  i s  extremely 
d i f f i c u l t  t o  say beforehand what the  consequences w i l l  be o r  whether 
the  costs  w i l l  outweigh the  b e n e f i t s  o f  the change. Perhaps a  b e t t e r  
example o f  t h i s  could no t  be found than i n  the j ux tapos i t i on  o f  
i r r i g a t i o n  and rec rea t ion  concerning the Rakaia. 
L i t t l e  research has been done i n  the past  t o  measure the economic 
importance o f  Rakaia-based outdoor recreat ion.  Previous s tud ies  have 
been l a r g e l y  desc r i p t i ve  and o f t e n  l i m i t e d  t o  a  s i ng l e  a c t i v i t y .  
Indepth  i n v e s t i g a t i o n s  t o  a s c e r t a i n  r e c r e a t i o n i s t s  mot ivat ions,  par-  
t i c u l a r l y  why they s e l e c t  t h e  Rakaia over o ther  nearby r i v e r s  w i t h  
many o f  t h e  same a t t r i b u t e s ,  have n o t  y e t  been undertaken. Amenity 
values o f  t he  r i v e r  system t o  r e c r e a t o r s  and non-users a l i k e  are  p o o r l y  
documented. I t  i s  n o t  s u r p r i s i n g  then t h a t  i r r i g a t i o n  poses a  t h r e a t  
( r e a l  o r  imagined) t o  t h e  f u t u r e  we l fa re  o f  many Cantabrians. The 
l i nkages  between r i v e r  a b s t r a c t i o n  and b i o l o g i c a l  processes, and 
between these and r e c r e a t i o n a l  oppor tun i t i es ,  a re  simply n o t  understood 
well-enough t o  be ab le  t o  appraise t h e  r i s k .  
6.3.1 The Rakaia as a  Recreat iona l  Resource What i s  c u r r e n t l y  
known about outdoor r e c r e a t i o n a l  a c t i v i t i e s  associated w i t h  t h e  Rakaia 
a r e  descr ibed i n  d e t a i l  elsewhere (Douglass e t  a1  7 1979). The more 
impor tant  r e c r e a t i o n a l  p u r s u i t s  a re  t r o u t  and salmon angl ing,  j e t  
b o a t i n g  ( u s u a l l y  i n  assoc ia t i on  w i t h  ang l i ng ) ,  water fowl  and sma l l  
game hunt ing,  e e l i n g  and wh i teba i t i ng ,  r a f t i n g ,  p i cn i ck ing ,  b i r d  
watching and s igh tsee ing among others.  I n  a d d i t i o n  t o  t h e  a c t u a l  
users  o f  t h e  resource, o thers  d e r i v e  s a t i s f a c t i o n  from the  ,knowledge 
t h a t  t h e  r i v e r  provides a  sanctuary and h a b i t a t  f o r  unique animals 
and p l a n t  species. Being among t h e  l a s t  major b ra ided r i v e r  systems 
i n  New Zealand t h a t  remains r e l a t i v e l y  untouched by man, t h e  Rakaia 
a l s o  de r i ves  importance from i t s  " s c a r c i t y  valuev.  
Few o f  these user and amenity values have ever been q u a n t i f i e d  
i n  any o b j e c t i v e  sense. Previous e f f o r t s  t o  appraise t h e i r  worth 
t o  t h e  r e g i o n a l  community have concentrated on angl ing,  and i n  p a r t i c u l a r  
t h e  r e c r e a t i o n a l  salmon f ishery .  For  t h i s  reason, and because o f  
l i m i t e d  e m p i r i c a l  data on o ther  uses, t h e  balance o f  t h i s  d iscuss ion 
focused on r e c r e a t i o n a l  angl ing.  
Q u a l i t a t i v e  Assessments The most common approach t o  e s t a b l i s h i n g  
t h e  importance o f  t he  R i v e r ' s  s p o r t  f i s h e r y  has been t h e  annual r e p o r t -  
i n g  o f  l i c e n c e  sa les  and ang l ing-e f fo r t  da ta  by t h e  FRD. Annual s t a t i s t i c s  
c o l l e c t e d  f o r  t h e  Rakaia may be d i v i d e d  i n t o  one o f  t h ree  ca tegor ies :  
f i s h i n g  l i c e n c e  sales,  f i s h i n g  e f f o r t  and success, and f i s h  popu la t i ons  
and o the r  assessments of t h e  f i s h e r y .  
Sales o f  whole season f i s h i n g  l i c e n c e s  by t h e  North Canterbury 
~ c c l i m a t i s a t i o n  Soc ie ty  (NCAS) rose t o  15,541 i n  1981, an increase 
o f  87 percent since 1960 (Table 6.2). I n  per cap i ta  terms, annual 
l i cence  sales, a t  about f i v e  percent  i n  1980, have been growing a t  
a r a t e  fas ter  than the r eg ion ' s  popu la t ion growth. I f  l i cence  sales 
can be thought o f  as a proxy f o r  the demand f o r  angl ing, then there  
i s  a r e l a t i v e l y  low l e v e l  of r eg i ona l  demand but  i t s  s ign i f i cance  i s  
increas ing w i t h  time. 
TABLE 6.2 
F i sh i ng  Licence Sales Data f o r  Selected Years Since 1960 
Year NCAS Licence AAS Licence To ta l  Licence To ta l  Per-Capita Sales Sales Sales Licence Sales 
Source: Urwin (1981 ) 
Based on populat ion est imate from census data covering the area 
between the Rangitata and Waimakarir i  Rivers. 
* 
Includes Ashburton (AAS) and North Canterbury (NCAS) Acc l ima t i sa t ion  
Society added together. 
The r e s u l t s  from a n a t i o n a l  ang l ing d i a r y  scheme, undertaken 
p e r i o d i c a l l y  from 1947 t o  1968, prov ide the only comprehensive data 
concerning f i s h i n g  e f f o r t  and success i n  e a r l i e r  years. Table 6.3 
summarises these data for  the North Canterbury (NCAS) Acc l ima t i sa t ion  
Society d i s t r i c t .  Graynoth and Skryzynski (1974) note t h a t  the  
d i a r y  r e s u l t s  are poss ib ly  biased, s ince only the more experienced and 
successful fishermen tended t o  complete them. A survey c a r r i e d  out  
i n  1963 t o  t e s t  the degree o f  b i as  i n  the d ia ry  r e s u l t s  ca lcu la ted  
the  average number o f  days f i shed  per season a t  17.6, w i t h  the number 
of f i s h  kept  per season a t  on ly  9.4 (almost ha l f  t h a t  obtained from 
the  d i a r y  data) .  A more recent  survey i n  1976 estimated t h a t  an 
average o f  6.7 f i s h  were kept  by anglers i n  t h a t  season (Octa, 1976). 
These r e s u l t s  support the view t h a t  the e a r l i e r  catch r a tes  were biased 
upward. 
TABLE 6.3 
Resu l ts  o f  F ish ing  E f f o r t  and Success f o r  Mens' Whole Season 
Licence Holders (NCAS D i s t r i c t )  
Measure o f  Diary Year 
E f f o r t  o r  Success 1952 1958 1963 1968 
Days f i shed  season-' 18.5 21.1 17.8 20.1 
Hours f i shed  day-' 3.7 3.6 3.4 3.2 
F i s h  kept  season-' 33.9 22.6 17.6 18.4 
Source: Graynoth and Skrzynski (1974) 
Table 6.4 i s  based on the r e s u l t s  from the 1968 d i a r y  year and 
shows t h a t  the Rakaia River i s  unique among the major f i s h i n g  r i v e r s  
i n  Canterbury i n  t h a t  salmon make up t he  ma jo r i t y  o f  the t o t a l  catch. 
Since the end o f  the d i a r y  scheme i n  1968, data regarding f i s h i n g  
e f f o r t  and-success have been publ ished from surveys ca r r i ed  out  by 
the  F i she r i es  Research D i v i s i on  (FRD) i n  1974 and 1975, and annual ly  
s ince 1979. 
TABLE 6.4 
Composition o f  Catch, 1968 Diary  Year 
S i t e  
- 
Trout Salmon Other Tot a1  
--------------- i n  percent ---------------- 
Rakaia 35 65 0 100 
Selwyn 100 0 0 100 
Waimakarir i  56 44 0 100 
A l l  NCAS D i s t r i c t  86 13 1 100 
Source: Graynoth (1974) 
From a sample o f  l i cence  holders i n  the  NCAS and AAS d i s t r i c t s ,  
est imates of the  t o t a l  number of anglers f i s h i n g  the Rakaia and t h e i r  
success i n  terms o f  the number o f  t r o u t  and salmon caught were calcu- 
la ted.  I n  Table 6.5 the publ ished data f o r  the salmon catch i n  se lec ted 
survey years are  summarised. The low catch and angler e f f o r t  est imated 
f o r  the  1980 f i s h i n g  season was a t t r i b u t e d  t o  poor r i v e r  cond i t ions f o r  
f i s h i n g  and a lower than average salmon run  (see F igure 6.2). 
TABLE 6.5 
Estimated Number o f  Analers and the  Salmon Catch i n  
the Rakaia River,  Selected Years Since 1974 
Year Number o f  Salmon Estimated ~f f o r t '  Anglers Catch (Angler Days) 
Source: Unwin (1981) 
Assumes each ang l ing t r i p  i s  equ iva lent  t o  an angl ing day. To ta l  
e f f o r t  i s  the sum o f  angler days per angler f o r  the f i s h i n g  season. 
n.a. Not ava i lab le .  
L i t t l e  data e x i s t  as t o  the  t o t a l  f i sh .  populat ion i n h a b i t i n g  
the  Rakaia River.  The only hard data co l l ec ted  r e l a t e  t o  the  annual 
numbers o f  salmon re tu rn ing  t o  spawn i n  t he  G lenar i f fe  Stream, a 
major spawning t r i b u t a r y  i n  the upper Rakaia catchment. The data  are, 
however, probably a good i n d i c a t i o n  o f  annual f l uc tua t ions  i n  the 
salmon populat ion. Figure 6.2 g raph i ca l l y  d isp lays the wide v a r i a t i o n  
i n  the  number o f  salmon trapped a t  the  FRD f a c i l i t y  on G lenar i f fe .  
The two very low r e t u r n  years o f  1970 and 1973 have been a t t r i b u t e d  
t o  f loods i n  1967 and 1970 respec t i ve ly ,  which caused a h igh  r a t e  o f  
j u ven i l e  m o r t a l i t y .  F igure  6.2 does no t  i nd i ca te  any obvious r e l a t i o n -  
sh ip  between l i cence  sales and the  number o f  salmon trapped a t  G lenar i f fe .  
A f i n a l  observation about f i s h i n g  l i cence  sales and angler  e f f o r t  
data i s  warranted. Results r ecen t l y  made ava i lab le  by NCAS show t h a t  
the  Rakaia was i n  a " f ishab le"  cond i t i on  ( i .e . ,  not  ca r ry ing  a h igh  
s i l t  load)  only f o r  about h a l f  o f  the t ime dur ing the most recent  
ang l ing season (North Canterbury Acc l ima t i sa t ion  Society, 1982) . I n  
comparison w i t h  e a r l i e r  years t h a t  i s  about average, bu t  the  percentage 
v a r i a t i o n  i n  " f i shab le  weekendsn between years i s  probably more important  
i n  exp la in ing  the observed v a r i a t i o n  i n  annual l i cence  sales and f i s h -  
i n g  e f f o r t  than whether o r  no t  the re  was a good run  o f  f i s h  (Leathers 
e t  a l . ,  1982). 
FIGURE 6.2 
Annual Trends  i n  North C a n t e r b u r y  L i c e n c e  S a l e s  
and Salrnoq Trapped a t  C J e w r i f f n  S t r e a m ,  Rakaia  River  
L icence  
S a l e s  
(1000 ' S )  
Salmon 
Trapped 
(1000 ' S) 
A N a t i o n a l  Angler  Survey u n d e r t a k e n  by t h e  FRD i n  1980 s o u g h t  
t o  f i n d  o u t  what f e a t u r e s  of  each p a r t i c u l a r  r i v e r  made i t  a t t r a c t i v e  
t o  a n g l e r s  ( T e i r n e y ,  1981). The Rakaia  was n o t  r a t e d  h i g h l y  f o r  its 
s c e n i c  b e a u t y ,  b u t  was a t t r a c t i v e  i n  terms o f  t h e  l a r g e  f i s h a b l e  area, 
and t h e  good size of t h e  salmon c a u g h t  i n  t h e  r i v e r .  
Q u a n t i t a t i v e  Assessments  I n  t h e  1973/74 a n g l i n g  s e a s o n  GLuck 
(1974) surveyed  a random sample o f  salmon a n g l e r s  i n  t h e  f i r s t  a t t e m p t  
a t  e s t i m a t i n g  t h e  monetary v a l u e  o f  t h e  Raka ia  r e c r e a t i o n a l  f i s h e r y .  
Due t o  a s u r v e y  d e s i g n  flaw h i s  r e s u l t s  d i d  n o t  y i e l d  a s t a t i s t i c a l l y  
r e l i a b l e  demand f u n c t i o n ,  based on t h e  t r a v e l  c o s t  method of e s t i m a t i o n .  
The a l t e r n a t i v e  approaches  t h a t  were t r i ed  - "wi l l ingness - to -pay  f o r  
and/or  sell" f i s h i n g  r i g h t s  - a l s o  were n o t  judged t o  y i e l d  r e l i a b l e  
measures  due t o  t h e  l i k e l i h o o d  o f  b i a s e d  r e s p o n s e s .  I n d i c a t i v e  f i g u r e s  
can be  o b t a i n e d ,  however, u s i n g  G l u c k ' s  s u r v e y  d a t a  and i n f o r m a t i o n  
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I n  c u r r e n t  (1982) d o l l a r s  G l u c k ' s  s u r v e y  r e v e a l e d  an a v e r a g e  
e x p e n d i t u r e  of a b o u t  $35 day-' f o r  a t y p i c a l  Can te rbury  r e s i d e n t ' s  
t r i p  t o  t h e  Rakaia .  T h i s  would be e q u i v a l e n t  t o  a 100 km r o u n d t r i p  
c o s t i n g  35 c e n t s  km-l. Assuming t h a t  m o s t  a n g l e r s  t r a v e l  w i t h  a 
f r i e n d  t o  and from t h e  R i v e r ,  t h e  a v e r a g e  c o s t  o f  t r a v e l  might  b e  
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shared equally, say $18 angling day-l. I n  addition, the direct  expen- 
di ture  on gear, licence fees,  and related annual costs  were estimated 
by Gluck to  be about the same magnitude as  the variable t ravel  costs  
for each angling day. Hence, i n  current dol lars ,  these data ( i n  the 
absence of more re l iab le  estimates) would p u t  a monetary value on the 
Rakaia salmon fishery i n  the neighbourhood of $35 angler day-l. 
An indicat ive value of the annual worth of the Rakaia to  the 
angling community i n  Canterbury can be calculated by multiplying 
t o t a l  annual angler days by t h i s  average value. Using Unwin ' s  
(1981) estimates (from Table 6.51, t h i s  sums t o  about $1.8 million 
for 1980 and $3.2 million for 1979 levels  of angling ef for t .  I f  one 
allows for  between year variations i n  f ishing conditions of the r iver  
(and the additional expenditure of operating j e t  boats, e tc . ,  which 
was not taken into consideration above) a conservative estimate of 
$4 million would not be unrea l i s t ic  as  a preliminary indication of 
the Rakaia's annual sport  fishery recreation value. I n  present value 
terms, discounting the expenditure stream a t  eight per cent over an 
i n f i n i t e  time horizon,28 the t o t a l  value of t h i s  recreation ac t iv i ty  
under present conditions of use would be of the order of $50 million. 
To s t a t e  the above r e su l t  different ly,  seven thousand anglers each 
year spend an average of $570 to pursue a rura l  outdoor recreational 
ac t iv i ty  they personally value i n  excess of $7,000 over the i r  l i fe t ime.  
I n  a random sample of 2,000 NCAS licence holders Octa (1976) 
used a gross expenditure approach to  estimate t o t a l  angling expenditure 
for the 1975 season by North Canterbury anglers. Expressing the i r  
r e su l t s  i n  1982 dol lars ,  the estimate of t o t a l  expenditure ranged 
from $2.5 t o  3.2 million. I t  should be noted tha t  t h i s  estimate 
covered a l l  lakes and r ivers  i n  North Canterbury, and that  licence 
holders outside the NCAS d i s t r i c t  were excluded from the sample. 
Adjusting the Octa data for Rakaia only anglers (about 40 percent 
of the t o t a l ) ,  and adding in  Ashburton and South Canterbury licence 
holders ( increasing the angling population to  about 20,000) , yields 
a rough indicat ive estimate for Rakaia anglin'g expenditure a t  about 
$2 million per annum. T h i s  amount f a l l s  w i t h i n  the range calculated 
from the use of Gluck's (1974) data. 
28 The present value cr i te r ion  provides an estimate of the "capi tal  
valuen of the resource i n  i ts  present use, much l ike  the asking 
pr ice of a home or piece of rea l  e s t a t e .  A lower discount r a t e  
would increase present value and a higher r a t e  would reduce it. 
There are two additional measures of value which should also 
be considered. One is the secondary regional multiplier effect  of 
"user valuesll and the other is the "preservation value" ascribed to  
the Rakaia i n  i ts present form by the Canterbury public. Using the 
appropriate multiplier,29 the indirect and induced ef fec t  of an i n i t i a l  
(d i rec t )  expenditure of $4 million by salmon anglers i n  the region 
generates a t o t a l  of $8.8 million annually i n  economic ac t iv i ty .  The 
household income e f fec t  would be of the order of $2.8 million annually. 30 
Non-user preservation values (the so-called "intangibles") have 
not been measured before i n  New Zealand. I n  a United States  s t u d y  
of the South P la t t e  River i n  Colorado, Greenley e t  a l . ,  (1980) found 
preservation values t o  be of approximately the same magnitude as 
recreation values. I f  the average Canterbury household (about 150,000 
i n  t o t a l )  was "willing-to-pay" $20 per year31 to  see the r iver  protected 
i n  its present s t a t e  (or t o  ensure that  any detrimental i r r iga t ion  
impacts were mitigated), the amenity or preservation value i n  annual . 
dollar terms would amount t o  $3 million. 
Again, it  mus t  be stressed that  the above estimates are indicative 
only of what the Rakaia fishery and amenity resources migh t  be worth 
i n  economic terms t o  the region. Unless such measures of value are 
carefully developed using sound empirical data and appropriate ' 
methodologies, they w i l l  have l i t t l e  significance t o  national and 
regional water resource planning. 
6.3.2 Plausible Development Effects A major change i n  the 
physical parameters of a natural system from which soc ia l  sat isfact ion 
is derived w i l l ,  eventually, be reflected i n  a change i n  social  welfare. 
I t  is the direction of that  change which matters. I n  the following 
an attempt is  made t o  identify the most probable e f fec t s  the proposed 
i r r iga t ion  developments w i l l  have on the r iver  recreat ionist .  
29 The multiplier used was taken from the wholesale and r e t a i l  trade 
sector,  l i n e  no. 16 i n  Appendix 3. 
30 Calculated by multiplying $4 million by .69 ( l i n e  no. 16, Appendix 3 ) .  
- - 
Average annual preservation value e s t i ~ a t e s  obtained by Greenley 
(1980) exceeded $20 household- . 
Impacts on Users I t  i s  apparent from the numbers of anglers 
and the i r  annual expenditure that  recreational fishing is most l ike ly  
the major environmental amenity afforded by the Rakaia. J e t  boating 
(unrelated t o  angling) and other river-based a c t i v i t i e s  are  of 
secondary importance according to  previous research. Accordingly, 
analyses of possible impacts of i r r iga t ion  should concentrate on 
implications for  the angler f i r s t ,  and on other user groups second. 
On the basis  of available evidence, the natural condition of 
the r iver  is  such that  l i t t l e  angling benefit  can be derived for 
about half of the main angling season i n  a normal water year, w i t h  
the majority of use occurring l a t e  i n  the angling season (February 
to  April) .32 I n  addition, f ish stocks - primarily salmon, b u t  t rout  
also - are important i n  determining angling success and therefore 
the "demand" for  t h i s  recreational ac t iv i ty .  A careful analysis of 
available time se r i e s  data should reveal these to  be the two key 
explanatory variables i n  estimating the demand for Rakaia angling. 
- Disposable income, le i sure  time and available subs t i tu te  angling 
opportunities could prove of lesser  importance. 
The relevant questions, then, a re  how r iver  abstraction (or 
any other flow modification) w i l l  a f fec t :  
1. the " f i shabi l i ty l '  of the r iver  from the angler ' s  
viewpoint; and 
2. the quantity and quality of salmonid stocks i n  the 
long term ( i . e .  the sustainable population of adult 
f i sh  available to  the recreational angler).  
W i t h  f i s h  numbers seen as  a necessary, b u t  not suf f ic ien t ,  condition 
the nature of the research problem becomes more meaningful. Answer- 
ing these questions is  a job for both physical and social  s c i e n t i s t s  
and work i n  t h i s  area clearly deserves a high pr ior i ty  i n  the near 
future. 
I f  the present i r r iga t ion  proposals were adopted and implemented 
without any changes i n  design or measures to  protect existing f i sh  
32 T h i s  is due t o  the temporal var iab i l i ty  i n  "fishable conditionsu 
(see Leathers * e t  a1 7 1982). 
habitat  and patterns of juvenile migration, the implications for 
future recreational angling, i n  the Study Team's judgment, are not 
good (see section 6.2.1, also Appendix 4 ) .  On the basis of the 
available evidence, biological conditions during years of low natural 
flow suggest a gradual reduction i n  salmonid resources (quality and/ 
or quantity) over time. How the "f ishabi l i ty"  of the r iver  below 
the Gorge w i l l  be affected i n  normal to  high runoff years is unclear, 
b u t  any abstraction during periods of low flow would generally down- 
grade already d i f f i c u l t  angling conditions. The r e su l t ,  over time, 
would be a s h i f t  i n  recreational use of the Rakaia t o  other l e s s  
preferred local  r ive r s  and lakes, increasing congestion and resulting 
i n  a net loss  of regional economic welfare. 
Impacts on Non-Users I f  there is  a d i rec t  loss  i n  the recreational 
value of the Rakaia, no resident of Canterbury, whether a current user 
or not, w i l l  be unaffected by it (via the mult ipl ier  e f f ec t ) .  A loss  
i n  economic welfare would also be associated w i t h  the loss  i n  intang- 
ib l e ,  preservation value. The monetary-equivalent of t h i s  loss  to  
present and future generations is obviously d i f f i c u l t  to  measure. 
An educated guess would be that  i t  i s  close i n  magnitude to  the direct  
benefits t o  recreat ional  users. Therefore the jus t i f i ca t ion  of 
assessing potent ial  impacts t o  non-users, essent ia l ly  the amenity 
value to  a l l  Canterbury households, goes hand i n  hand w i t h  the 
recognised need t o  firm up estimates of user value. 
6.4 The Commercial Salmon Fishery 
6.4.1 Salmon Ranching Economics The prospect of commercial 
salmon ranching on South Island r ivers  is  re la t ive ly  new. Its 
future commercial v i ab i l i t y  is  a matter of considerable speculation, 
since ranching t r i a l s  i n  North America and elsewhere have been 
conducted for many years w i t h  mixed success. The most notable 
exception is  Japan (Joyner, 1981). The idea of a commercial Pacific 
salmon fishery i n  New Zealand, however, can be traced back t o  the 
or iginal  introduction of the quinnat i n  the ear ly 19001s, b u t  t h i s  
was based on developing a commercial ocean fishery. The !ranching1 
concept r e l i e s  on the salmon's homing ins t inc t  and sui table  means 
for 'harvest '  of adul t  f ish returning t o  t h e i r  na ta l  streams. 
This sec t ion  focuses on the extent  t o  which present knowledge 
i s  able t o  p r e d i c t  the impacts o f  abs t rac t ion  on the Rakaia River 
salmon f i shery .  Emphasis i s  given t o  impacts which might de t r imen ta l l y  
a f f e c t  the economic v i a b i l i t y  o f  the r ecen t l y  establ ished salmon 
ranching venture. 
For commercial salmon ranching t o  be successful,  removal o f  
the environmental l i m i t a t i o n s  t o  the p o t e n t i a l  s i ze  o f  the stock 
are obviously necessary. Constra ints on the  popula t ion can occur 
a t  any phase o f  the l i f e  cycle.33 Spawning and nursery hab i ta ts  
appear the most l i m i t i n g  on the Rakaia, and i t  i s  p rec ise ly  these 
shortcomings t h a t  are  i n  f a c t  surmountable from the po in t  o f  view 
o f  the commercial salmon rancher. Because o f  the a b i l i t y  t o  c o n t r o l  
these two important  l i f e  phases using advanced techniques o f  a r t i f i -  
c i a l  propagation and t im ing  the re lease o f  smolts, the commercial 
rancher 's  primary worr ies  are the capaci ty o f  the  inshore ocean 
t o  susta in  l a r g e r  salmon numbers, the p o t e n t i a l  predat ion o f  the 
stock by 'commercial o r  spor t  fishermen, and b a r r i e r s  t o  access 
o f  the r e tu rn i ng  adu l t s  t o  a su i tab le  p o i n t  o f  capture. 
The economic v i a b i l i t y  o f  commercial ranching r e s t s  on the 
costs incu r red  up t o  the  po in t  o f  re leas ing  smolts t o  the sea, 
and the marketable value o f  the r e tu rn i ng  adu l ts .  Overseas experience 
suggests t h a t  one percent r e t u r n  of the smolts released i s  the 
minimum requirement t o  recover costs. Under n a t u r a l  cond i t ions 
the percent s u r v i v a l  on average i s  considerably l ess  than one percent, 
s ince only-about  0.1 percent i s  needed t o  main ta in  a w i l d  salmon stock 
a t  a constant s ize .  A two percent r e t u r n  has already been obtained 
from timed-release t r i a l s  a t  G lenar i f fe ,  so t he  prospects o f  a 
commercial ranching venture on the Rakaia are d e f i n i t e l y  worth 
pursuing. Under present plans, up t o  t en  m i l l i o n  smolts per year 
could be re leased by the  l a t e  1980's. Assuming a two percent r e t u r n  
could be achieved, the  s i ze  o f  the annual salmon run  would average 
about 200,000, o r  t en  t imes the present l e v e l .  
To pu t  t h i s  i n t o  perspect ive Table 6.6 shows the p o t e n t i a l  
annual t o t a l  revenue t h a t  might be generated by commercial salmon 
33 A d iscussion o f  t he  l i f e  phases i s  presented i n  Appendix 4. 
farming on the Rakaia., based of course on assumptions which must 
be regarded as highly speculative. The release of 10 million 
smolts a t  a two percent r a t e  of return,  and assuming that  75 percent 
of returning adults a re  marketable a t  $25 each, would generate a 
gross revenue of about $3.8 million. Higher pr ices ,  or a better return 
r a t e ,  would substant ial ly  r a i se  t h i s  figure. 34 
TABLE 6.6 
Potential  Salmon Ranching Gross Revenue 
Under Alternative Rates of Return and Market Prices 
Number of Returning 
Smolts Released Adul t  Salmon as Gross Revenue 
per year percent of smolt release @ 2 percent l Rate of Return 
0.5 1.0 2.0 5.0 ($  > 
For a conservative estimate an average wholesale value of $25 
per f ish is used. T h i s  price could prove t o  be a substant ial  
under-estimate of the F.O.B. value of a high qual i ty  fresh 
export product. I t  is also assumed tha t  25 percent of the 
returning f i sh  a re  retained for propagation and/or are  not f i t  
for human consumption. 
Whether or not commercial ranching opportunities can be real ised,  
however, depends i n  par t  on how the proposed i r r iga t ion  schemes w i l l  
influence r iver  conditions. O f  major concern t o  commercial ranching 
in t e res t s  i s  the question of access of returning adult  f i sh  to  a 
sui table  capture and holding s i t e .  As pointed out e a r l i e r  the 
recreational angler stands t o  benefit considerably from a success- 
ful ly  induced commercial run, and from the point of view of economics 
34 For example, the present export pfice for fresh (ch i l led)  salmon 
F.O.B. t o  Europe is about $10 kg- . If half of the returning 
f i sh  were export qual i ty ,  and they averaged seven kilograms net 
weight the t o t a l  annual revenue would be (200,000 X 50 percent X 
7 kg X $10) $7 million. 
a sport-caught salmon may be worth more t o  the region than one "in 
the can" for domestic consumption or foreign export. 
6.4.2 Possible Impacts of Flow Modification The South Pacific 
Salmon Company i s  located on the ta i l race  below the Lake Coleridge 
Power Station. As the points of i r r iga t ion  abstraction are  between 
the Company's release s i t e  and the r iver  mouth, it  i s  possible that  
low flow conditions could bedetrimentalto a commercially-induced salmon 
run. O f  primary concern to  the Company i s  the migratory access of 
returning adults t o  the point of recovery ( the  t a i l r a c e ) .  While 
a r t i f i c i a l  propagation and rearing techniques can substantially 
reduce the losses tha t  normally occur i n  "wild" stocks prior to  the 
marine phase of the f i s h ' s  l i f e  cycle, sui table  r iver  migration 
conditions are absolutely essent ial  t o  success of salmon ranching 
on the Rakaia. A br ief  review of the quinnats' l i f e  cycle and 
environmental requirements, and possible impacts of low flow on each 
of the four l i f e  phases, is presented i n  Appendix 4 .  
The e f fec t s  of abstraction on the salmon fishery can only be 
ascertained by detailed hydrological studies which quantify the 
dis t r ibut ion of residual flows w i t h i n  the braided r iver  system, and 
the habitat  changes caused by a l te r ing  these flows. Water flow 
character is t ics  of the Rakaia have been under investigation for 
several years by researchers from the MWD and the FRD. The resu l t s  
of these s tudies  remain inconclusive as fa r  as water depth constraints 
on migrating adul ts  under simulated low flow conditions (Mosely , 1982), 
b u t  indicate the poss ib i l i ty  of a thermal barr ier  (excessive temperature) 
during extended periods of low flow i n  mid and l a t e  summer (Glova, 1982). 
Unfavourable water depth and temperature would r e su l t  i n  increased 
ph-ysical damage and disease,  w i t h  the condition of the affected 
migrating adults not sui table  for commercial sa le .  
Another obstacle for returning adult salmon, and one that  
should not be underestimated, is the recreational angler. Fi rm 
estimates of the annual sport  catch, as well as the number of salmon 
that  return to  the Rakaia each year, are limited. Using angler 
d ia r ies  and survey data,  Unwin's (1981) estimates of the recreational 
catch vary between 3,200 i n  1974 to  14,000 i n  1979 (Table 6 .5) .  I n  a 
Delphi survey of salmon researchers, Leathers and Holms ( 1981 ) 
obtained estimates i n d i c a t i n g  t h a t  i n  1979/80 about 5,000 salmon 
were caught out o f  a  t o t a l  run  o f  about 16,000 f i s h ,  a  spor t  harvest 
r a t e  o f  approximately 33 percent. I n  a  good year the run  might 
exceed 20,000, but  w i t h  one quarter  t o  one t h i r d  going i n t o  the ang lers '  
bag i t  i s  conceivable t h a t  f i s h i n g  pressure may be an important  l i m i t -  
i n g  fac to r  on the present stock. This i s  a  problematic s i t u a t i o n  f o r  
upstream commercial salmon ranchers, s ince an induced run  o f  s i g n i f i c a n t l y  
more salmon could be an ang lers '  bonanza. 
6.5 I r r i g a t i o n  and Water Qua l i t y  
De te r io ra t ion  o f  groundwater q u a l i t y  has been recorded i n  several  
areas o f  Canterbury. Concern over increas ing n i t r a t e -N  l e v e l s  and 
t h e i r  possib le e f f ec t s  on human hea l t h  has received widespread 
p u b l i c i t y .  As drainage from i r r i g a t e d  land in f luences both  the water 
t a b l e  and concentrat ions o f  n i t ra te -N  i n  groundwater, t h i s  sect ion 
considers the water q u a l i t y  imp l i ca t ions  o f  the proposed border-dyke 
i r r i g a t i o n  schemes i n  the  Cen t ra l  P la ins  and Lower Rakaia areas. 
6.5.1 Aqui fers and N i t r a t e  P o l l u t i o n  Descr ip t ions o f  the 
geo log ica l  s t ruc tu res  which form the aqu i fe r  systems under the p la ins  
o f  Cent ra l  Canterbury can be found i n  a  number o f  pub l i ca t i ons  
(Bowden and Ayrey, 1979; Quin and Burden, 1979; Wilson, 1976) (see 
F igure 2.2). A recent  de ta i l ed  assessment o f  the Lower Rakaia area 
by the MWD awaits pub l i ca t ion .  For the purpose o f  cons ider ing the 
e f f e c t s  o f  land-use on groundwater qua l i t y ,  but  w i t h  admi t ted ly  
great  s i m p l i f i c a t i o n ,  aqu i fe rs  i n  the region can be d iv ided  i n t o  
two types: 
1. Confined aqu i fe r  systems found under Chr istchurch and 
extending along a  coas ta l  s t r i p  around the western and 
nor thern  edge o f  Lake Ellesmere which are o v e r l a i n  by 
impermeable ma te r i a l  and conta in  water a t  greater  
than atmospheric pressure (Ayrey and Bowden, 19821, and 
2. Unconfined aqu i fe rs  cover ing the remainder, and ma jo r i t y ,  
o f  the reg ion  where surface water may i n f i l t r a t e  i n t o  
the system. 
Throughout the l a t t e r  zone i n f i l t r a t i o n  from p r e c i p i t a t i o n  increases 
w i t h  d istance west o f  the conf ined aqu i fe r  systems and w i t h  d istance 
from the major r i v e r s  (Ayrey and Bowden, 1982). 
6.5.2 Human Heal th  Concerns Two hea l t h  r i s k s  due t o  the 
consumption o f  water conta in ing excessive l e v e l s  o f  n i t ra te -N  have 
been i d e n t i f i e d .  Under c e r t a i n  circumstances n i t ra te -N  i s  reduced 
t o  n i t r a t e  i n  the human stomach, which then combines haemoglobin t o  
form methhaemoglobin, r e s u l t i n g  i n  an impairment o f  oxygen t ranspor t  
i n  the blood. Th is  cons t i t u t es  a serious and sometimes f a t a l  hea l th  
hazard f o r  bo t t l e - f ed  i n f an t s .  
Recent overseas s tud ies  have shown a p o s i t i v e  c o r r e l a t i o n  between 
n i t ra te -N  l e v e l s  and g a s t r i c  cancer. No s tud ies  assessing the appl ica-  
b i l i t y  o f  overseas experience t o  the New Zealand s i t u a t i o n  have been 
conducted, bu t  the  Department o f  Health has adopted the 1971 recommended 
W.H.O. l i m i t  o f  10 g of n i t ra te -N  f o r  p u b l i c  water suppl ies. 
6.5.3 Present Groundwater Qual i ty  i n  Cent ra l  Canterbury 
Christchurch d r i nk i ng  water pumped from the conf ined aqu i fers  under- 
l y i n g  the c i t y  i s  of except ional  q u a l i t y  and has no t  var ied s i g n i f i -  
can t l y  since t e s t i n g  commenced i n  the 1920s (Ayrey and Bowden, 1982). 
The o r i g i n  and recharge ra tes  o f  the conf ined system are, as yet ,  
no t  completely understood, although Wilson (1976) i d e n t i f i e s  i n f l u e n t  
seepage from the Waimakarir i  River as the main con t r ibu t ion .  
Analysis o f  we l l s  i n  the unconfined groundwater area i n  the 
Cent ra l  P la ins  was c a r r i e d  out from 1977-1980 by the  North Canterbury 
Regional Water Board and the Chemistry D i v i s i o n  (Chr istchurch) o f  the 
DSIR. Summary r e s u l t s  presented by Ayrey and Bowden (1982), show 
10 percent o f  we l l s  sampled had n i t ra te -N  l e v e l s  greater  than 10 g m-', 
and 34 percent had mean l e v e l s  greater  than 5 g m-3. The general 
pa t te rn  was f o r  low l e v e l s  o f  n i t ra te -N  t o  occur i n  we l l s  i n  the 
v i c i n i t y  o f  the Waimakarir i  and Rakaia Rivers w i t h  values gradual ly  
increas ing w i t h  d is tance from the r i v e r s  towards t he  L inco ln  and 
Prebbleton area. I n  some l o c a l i t i e s  l i t t l e  v a r i a t i o n  i n  n i t ra te -N  
l e v e l s  were found w i t h  increas ing depth. 
Groundwater q u a l i t y  i nves t iga t ions  ca r r i ed  out  between the Rakaia 
and Ashburton Rivers  gave n i t ra te -N  l e v e l s  o f  5-20 g m-' and ch lo r ide  
l e v e l s  o f  10-30 g m-3 i n  the  Lower Rakaia area. Quin and Burden (1979) 
exp la in  these f i nd i ngs  as a r i s i n g  from drainage o f  the upstream 
Ashburton-Lyndhurst sur face i r r i g a t i o n  scheme and the r e l a t i v e l y  
i n t ens i ve  use of spray i r r i g a t i o n  u t i l i s i n g  groundwater w i t h  a much 
higher ch lo r ide  content than r i v e r  water. I n  t h i s  area n i t r a t e -N  
content i s  a func t ion  o f  depth w i t h  concentrat ion above 5 g m-3 l a r g e l y  
conf ined t o  the uppermost 30 metres o f  groundwater. 
6.5.4 Land Use and Groundwater Q u a l i t y  The o r i g i n  o f  n i t r a t e -N  
i n  groundwater o f  t he  Canterbury Region has been addressed i n  a number 
o f  studies. I n i t i a l  research focused on p o i n t  sources such as piggery 
wastes, sewage d isposa l  systems and i n d u s t r i a l  e f f l u e n t  as major con- 
t r i b u t o r s .  A recent study by Adams (1981) quan t i f i ed  n i t ra te -N  
leaching under d i f f e r e n t  land uses i n  the Paparua County. These 
r e s u l t s ,  which are presented i n  Table 6.7 show the r e l a t i v e  cont r ibu-  
t i o n s  from d i f f e r e n t  farm types. 
TABLE 6.7 
Approximate T o t a l  Annual Ni t rate-N Leachinq Losses i n  
Paparua County by Type o f  Farm 
Farming Approximate Approximate annual Approximate t o t a l  
System Area n i t ra te -N  leaching annual n i t ra te -N  (ha) l oss  (kg/ha/yr) leach ing l o s s  (kg/yr )  
Pasture 
Non- i r r igated 20,573 
Cash crops 
(Wheat, oats 
bar ley  etc. )  2,921 
Peas 452 90 
Green r o o t  & 
forage crops 1,147 
Small seeds & 
lucerne 3,679 
P i g  farms 79 400 
TOTAL 
Ni t rate-N leaching from pasture a t  the winchmore I r r i g a t i o n  
Research S ta t i on  has received de ta i l ed  a t t e n t i o n  from Qu in  (1979). 
He focuses on u r i ne  as the  main con t r ibu to r .  Urea i n  the  u r i ne  i s  
converted t o  n i t r a t e  a t  a much f as te r  r a t e  than the pasture can take 
i t  up r e s u l t i n g  i n  considerable quan t i t i e s  o f  n i t ra te -N  being leached 
when the water ho ld ing  capaci ty o f  the s o i l  i s  exceeded through ra i n -  
f a l l  o r  i r r i g a t i o n .  
In dry areas i r r iga t ion  increases the potent ial  for nitrate-N 
leaching by increasing pasture growth and therefore stocking rates ,  
and also by increasing the volume of drainage. Q u i n  (1979) estimates 
n i t r a t e  leaching losses  from l igh t  s o i l ,  non-irrigated pasture to  
-1 -1 be l e s s  than 10 kg ha y , whereas he estimates the comparative 
-1 -1 figure for similar surface-irrigated land was 100 kg y . Results 
for cropping show there is  l i t t l e ,  i f  any change i n  nitrate-N leaching 
losses w i t h  i r r iga t ion .  The r i s e  i n  nitrate-N concentration i n  close 
- 3 to  surface groundwater a t  Winchmore from 1.6 g m i n  1961 to  7.5 g m-3 
i n  1976, can possibly be at t r ibuted to  the Ashburton-Lyndhurst i r r iga-  
t ion scheme ( Q u i n ,  1979). The findings of Adams (1981), which re la te  
the intensif icat ion of land use moving south eas t  across the Paparua 
County to  the gradual increase i n  groundwater nitrate-N levels ,  
indicate a relationship which is firmly established under current 
agricul tural  practices.  
Spray i r r iga t ion  has the potential  t o  reduce nitrate-N leaching 
as  it allows bet ter  control of losses below the root zone. However, 
no detailed s tudies  comparing leaching losses w i t h  the various types 
of flood and spray i r r iga t ion  under different  management regimes are 
available. Thus ,  on-farm water management to  control the contributions 
of increased stocking r a t e s  and increased drainage t o  nitrate-N leach- 
ing from irr igated pasture is an important area for  ' future research. 
6.5.5 Implications for Development Planninq Concern over 
the adverse impacts of the Rakaia-based surface i r r iga t ion  schemes 
on groundwater quality i n  the unconfined aquifer has been expressed 
by a number of researchers. Q u i n  (1981) pointed out tha t  the older 
schemes, such as Ashburton-Lyndhurst, were or iginal ly  designed for 
50 percent i r r iga t ion ,  whereas the proposed Rakaia schemes w i l l  
provide suff ic ient  water for close to  100 percent i r r iga t ion .  He 
ant icipates  tha t  nitrate-N levels  i n  groundwater may r i s e  t o  15 g m-3 
under the proposed schemes. Given that  the present levels  for 
nitrate-N are between 4 and 8 g m-' i n  most of the Central Plains 
area and up t o  10 g m-3 i n  the Rolleston, Isl ington and Springston 
areas,  Ayrey and Bowden (1982) and Q u i n  and Burden (1979) recommend 
tha t  i f  the W.H.O. standard for drinking water is  not t o  be exceeded 
w i t h i n  the proposed i r r iga t ion  scheme area then provision for a 
ret iculated rura l  water supply from a confined aquifer source must be 
made. 
Nitrogen is also frequently ci ted as the major nutr ient  contribut- 
ing to  eutrophication of surface waters. The significance of increases 
i n  nitrate-N levels and increased groundwater flows to  the ecology of 
coastal  lagoons northeast of the Rakaia River, including Lake Ellesmere, 
is  not understood. Existing eutrophication problems i n  Lake Ellesmere 
w i l l  almost certainly be aggravated by changes i n  water leve ls  or 
increased nutrient supply through drainage of groundwater w i t h  high 
nitrate-N concentrations. Proposals t o  prevent underground and surface 
water w i t h  high nitrate-N leve ls  from entering Lake Ellesmere include 
providing a canal t o  channel return flows direct ly  back t o  the Rakaia 
River. 
Findings which indicate a substant ial  increase i n  nitrate-N 
pollution i n  response t o  increased i r r iga t ion  pose some hard questions 
for  planners. Foremost is the acceptance of the i r  i nev i t ab i l i t y  or 
the delaying of planning u n t i l  the implications for groundwater quality 
of various agricul tural  pract ices  i n  the Canterbury area are  assessed. 
The factors  i n  i r r iga t ion  scheme design and management which w i l l  lead 
t o  the minimisation of nitrate-N leaching need to  be ident i f ied  as 
does the i r  relationship t o  s o i l  type and aquifer charac ter i s t ics .  
The problem of nitrate-N i n  household water supplies r e s t s  on 
the defini t ion of what cons t i tu tes  a health hazard. Questioning of 
the W.H.O. l i m i t  of 10 g m-3 for  drinking water must, as  w i t h  a l l  
matters of public health,  proceed w i t h  cautious evaluation of local  
and overseas experiences. 
6.6 Summary and Conclusions 
The Rakaia River is the l a s t  of the great South Island East Coast 
r ive r s  to  ex i s t  i n  a v i r tua l ly  unmodifed s t a t e .  I f  the LRIS and CPIS 
go ahead as planned, there e x i s t s  some doubt about the future of the 
quinnat salmon run, the w r y b i l l  plover, and the vegetation reserve 
on the r iver  islands. Although there are poss ib i l i t i e s  for  providing 
more wildl i fe  habitat  i n  the i r r iga t ion  schemes than has been done 
previously, there are a number of pract ical  reasons which advise a 
cautious approach t o  such endeavours. Furthermore, i t  is unlikely 
tha t  the suggested enhancement/mitigation measures would fu l ly  com- 
pensate for the loss  of wi ld l i fe  i n  the natural r iver  ecosystem. 
The following questions are  suggested topics for future research: 
1. Does the r iver  discharge s ignif icant  amounts of nutrients 
to  the lagoon and the sea,  and if s o ,  how important is 
t h i s  i n  supporting lagoonal and off-shore f isheries? 
2. What are  the implications of discharging i r r iga t ion  
scheme water in to  the Selwyn, Waimakariri, Ashburton 
or other local  r ivers? 
3.  What sedimentation changes are l ikely to  r e su l t  from 
abstraction, and w i l l  t h i s  a f fec t  coastal  morphology 
and s t a b i l i t y ?  
4. What specif ic  changes could be incorporated in to  the 
i r r iga t ion  system that  would allow the stocking of 
t rout  or salmon and/or the development of waterfowl 
habitat? 
5. Are the arthropods of sc i en t i f i c  in t e re s t  found i n  the 
Rakaia region l ike ly  to  be affected by the i r r iga t ion  
proposals? 
The present recreational uses of the Rakaia account for much 
of i t s  current economic worth to  the local  community. Salmon and 
t rout  angling alone are  estimated to  contribute up to  nine million 
dol lars  annually to  the regional economy. Other river-based recrea- 
t ion ,  and the value of the River to  those who w i s h  t o  see it preserved 
i n  its present s t a t e  ( i t s  "preservation value") could up the annual 
value to  an amount i n  excess of $12 million. 'The relevant question, 
however, is  the degree t o  which the River's amenity value w i l l  be 
degraded by abstracting water for i r r iga t ion  purposes, and the answer 
is  not readily apparent. Presumably, w i t h  careful planning the 
incremental l o s s  i n  amenity value can be kept t o  a minimum. The 
seasonality of recreational use, and ra tes  of water abstraction, 
w i l l  apparently be a key factor i n  future water a l locat ion planning 
and decision making. 
The prospect of a successful salmon ranching enterprise  also 
has important planning implications. If present ta rge ts  for a r t i f i -  
cially-reared smolt re leases  are  met, by about 1990 gross revenues. 
exceeding $3 million, and possibly as high as $7 million, would 
accrue annually to  a successful venture. T h i s  potent ial  benefit to  
the regional economy could be i n  jeopardy, however, since the e f f ec t s  
o f  l a r g e  a b s t r a c t i o n s  d u r i n g  t h e  m i g r a t o r y  run  (mid t o  l a t e  summer) 
are n o t  yet known. P r e d a t i o n  o f  t h e  commercia l ly- induced r u n  by 
s p o r t  a n g l e r s  i s  a l s o  a p o t e n t i a l  problem f o r  w a t e r  managers i n  t h e  
f u t u r e .  However, a s  t h e  v a l u e  o f  t h e  s p o r t  c a t c h ,  i n  t e r m s  o f  expendi-  
t u r e  p e r  f i s h  c a u g h t ,  a p p a r e n t l y  e x c e e d s  t h e  market  v a l u e  o f  salmon a s  
an  e x p o r t  commodity, on b a l a n c e  t h e  r e g i o n a l  economy would b e n e f i t  
by an improved s p o r t  f i s h e r y .  
Rapid f l u c t u a t i o n s  i n  f low,  which c o u l d  l e a v e  ups t ream m i g r a t i n g  
a d u l t s  s t r a n d e d ,  c a n  a l s o  be  a v o i d e d  w i t h  c a r e f u l  wa te r  management. 
I r r i g a t i o n  r e t u r n  f l o w s ,  from e i t h e r  s u r f a c e  run-off  o r  g roundwate r ,  
c a n  c o n t a i n  p e s t i c i d e s ,  hormones, m i n e r a l  s a l t s ,  and n u t r i e n t s  a l l  
o f  which have an  a d v e r s e  effect  on water q u a l i t y .  The p o s s i b i l i t y  o f  
a d e c l i n e  i n  water q u a l i t y  and its e f f e c t  on salmon i n  t h e  Raka ia  R i v e r  
r e q u i r e s  i n v e s t i g a t i o n ,  as d o e s  t h e  p o t e n t i a l  e f f e c t  o f  low f low,  
i n c l u d i n g  t h e  reduced c a r r y i n g  c a p a c i t y  f o r  r e l e a s e d  j u v e n i l e s ,  d e c r e a s e d  
q u a l i t y  and q u a n t i t y  of r e t u r n i n g  a d u l t s ,  and d e l a y e d  o r  p r e m a t u r e  
release o f  j u v e n i l e s .  
Even though t h e  q u i n n a t  salmon i n  t h e  Rakaia  R i v e r  h a v e  been ,  
and  are s t i l1 , the  t a r g e t  o f  a l a r g e  f i s h e r i e s  r e s e a r c h  e f f o r t  (Davis ,  
1982) no f i r m  c o n c l u s i o n s  a s  t o  t h e  impac t  o f  proposed a b s t r a c t i o n s  
have been reached .  More r e s e a r c h  w i t h i n  t h e  timescale o f  water a l l o -  
c a t i o n  d e c i s i o n s  w i l l  o f  c o u r s e  c l a r i f y  some o f  t h e  l i k e l y  i m p a c t s  on 
t h e  l i f e - c y c l e  of q u i n n a t  salmon. But g i v e n  t h e  dynamic n a t u r e  o f  
t h e  f i s h e r y ,  t h e  a s s o c i a t e d  i n s t a b i l i t y  o f  t h e  Rakaia  R i v e r  and  t h e  3 
t o  4 y e a r  l i f e  c y c l e  of  t h e  sa lmon,  firm c o n c l u s i o n s  ( r a t h e r  t h a n  
s p e c u l a t i o n ) ,  as t o  t h e  impac t  o f  a b s t r a c t i o n  on t h e  sa lmon p o p u l a t i o n ,  
l i e  many y e a r s  i n  t h e  f u t u r e .  
The l i n k  between i r r i g a t i o n ,  i n t e n s i f i c a t i o n  o f  l a n d  u s e  and an  
i n c r e a s e  i n  nitrogen-N l e v e l s  i n  s h a l l o w  groundwater  is  f i r m l y  e s t a b l i s h e d  
on t h e  Can te rbury  P l a i n s .  Thus ,  i r r i g a t i o n  p l a n n i n g  s h o u l d  i n c l u d e  
a n  a p p r a i s a l  of  t h e  l o n g  term r e q u i r e m e n t s  f o r  p o t a b l e  water s u p p 9 i e s .  
I n  some a r e a s  deep wells may have t o  be  d r i l l e d  t o  c o n f i n e d  a q u i f e r s ,  
w h i l e  o t h e r  l o c a l i t i e s  may r e q u i r e  water p iped  i n  from low n i t r a t e 4  
l e v e l  wells. Under ly ing  t h e  u s e  o f  s u c h  s o u r c e s  are t h e  q u e s t i o n s  
of t h e  l o n g  term i m p l i c a t i o n s  of  drawoff from deep c o n f i n e d  a q u i f e r s ,  
e s p e c i a l l y  t h o s e  from which m e t r o p o l i t a n  s u p p l i e s  are drawn. 
. 
CHAPTER 7 
HYDRO-ELECTRIC POWER RESOURCE POTENTIAL OF THE RAKAIA 
7.1  Introduction 
Thus  fa r ,  the review has only considered i r r iga t ion  development 
and its possible consequences for the Canterbury region. B u t  lesser  
known ( l e s s  immediate) developments may be j u s t  as important (and 
controversial)  i n  the longer term. In recognising the Rakaia's 
potential  as a major source of i r r iga t ion  water, planners have also 
considered the complementarity of i r r iga t ion  development and the 
production of hydro-electric power (HEP). 
T h i s  chapter reviewsthe complementary nature of i r r iga t ion  and 
power planning for the Rakaia River, and ident i f ies  implications for 
current i r r iga t ion  planning. The h is tor ica l  background t o  HEP 
development planning is  br ie f ly  outlined, and the proposed HEP scheme 
options and how they might r e l a t e  t o  the CPIS are  emphasised. Possible 
regional development impacts of HEP, including income generation and 
environmental implications for water allocation and management decisions, 
are  discussed. 
Early Hydro Development 
The development of HEP on the Rakaia River preceded major i r r i -  
gation development of the r ive r  by a t  l eas t  30 years. The Lake 
Coleridge Power Stat ion,  u t i l i s i n g  the f a l l  between Lake Coleridge 
and the bed of the Rakaia River, commenced e l ec t r i c i ty  generation 
before 1920 w i t h  an ins t a l l ed  generating capacity of 38 megawatts 
- ( M W ) .  In 1926, Lake Coleridge .was raised by one metre through the 
pa r t i a l  diversion of the Harper and Acheron Rivers which flow into 
the lake. The higher inflow enabled the power s ta t ion  t o  operate 
closer to  its ins ta l led  capacity for a greater length of time. 
I t  was not u n t i l  1945 w i t h  the completion of the Rangitata 
diversion race, tha t  major i r r iga t ion  development took place on 
the Canterbury Plains. The Rangitata diversion race a l so  enabled 
the f i r s t  complementary development of i r r iga t ion  and HEP i n  the 
region. I n  the summer, nearly a l l  of the 28.3 cumec flow i n  the 
race i s  abstracted by the Ashburton-Lyndhurst or Mayfield-Hinds 
I r r i g a t i o n  Schemes. Residual  summer f lows i n  the  d i v e r s i o n  race, 
and most o f  t he  r a c e ' s  w in te r  f low,  are  discharged i n t o  t h e  Rakaia 
R i v e r  through the  Highbank power s t a t i o n .  Highbank has an i n s t a l l e d  
genera t ing  capac i ty  o f  25 MW. 
The most recent  HEP development on the  Rakaia was completed 
i n  December o f  1977, w i t h  t h e  d i v e r s i o n  o f  the  major t r i b u t a r y  o f  
t h e  Rakaia, t h e  Wi lber force  R iver ,  i n t o  Lake Coler idge. Through 
a  system o f  g rave l  banks across t h e  Wi lber force  and Harper R ivers ,  
w i t h  canals dug between t h e  r i v e r s  and a l s o  between the  Harper R ive r  
and t h e  Lake, up t o  30 cumecs can now be d i v e r t e d  from t h e  Wi lbe r fo rce  
i n t o  Lake Coler idge. Dur ing f l oods  t h e  Wi lber force  d i v e r s i o n  works 
may be washed out  so p e r i o d i c  maintenance o f  t he  g rave l  banks i s  
necessary. 
The primary o b j e c t i v e  o f  t h e  Wi lber force  d i v e r s i o n  was t o  
increase the  power output  from t h e  Lake Coler idge power s t a t i o n .  
By i nc reas ing  the  r a t e  o f  i n f l o w ,  a  h igher  r a t e  o f  draw-off  f o r  
HEP generat ion cou ld  be undertaken, i nc reas ing  t h e  p l a n t  f a c t o r  35 
o f  t h e  power s t a t i o n  from 0.43 t o  0.70. This increase i n  power 
genera t ion  has been achieved w i thou t  a l t e r i n g  the  maximum a l lowab le  
l e v e l  o f  Lake Coler idge (509.6 m), o r  t he  a l lowab le  range i n  t h e  
l a k e ' s  l e v e l -  (3.95 m). Two a l t e r n a t i v e  proposals were a l s o  con- 
s ide red  by t h e  New Zealand E l e c t r i c i t y  Department (NZED):raising 
t h e  l e v e l  o f  t he  Lake w i t h  a  permanent dam across t h e  Wi lber force ,  
and inc reas ing  the  a l lowab le  range i n  t h e  l e v e l  o f  t he  Lake. Both 
proposals were r e j e c t e d  because o f  t h e i r  major a n t i c i p a t e d  envi ron-  
mental  impacts (NZED, 1975). 
Even i n  i t s  present  form, t h e  Wi lber force  d i v e r s i o n  has been 
c r i t i c i s e d  because o f  i t s  poss ib le  environmental impacts, e s p e c i a l l y  
those r e s u l t i n g  from t h e  a l t e r a t i o n  i n  t h e  n a t u r a l  f low o f  t h e  Rakaia 
below t h e  conf luence o f  t h e  two r i v e r s .  Hardy (1975) presented 
evidence t h a t  t he  Wi lber force  might c o n t r i b u t e  one t h i r d  o r  more 
t o  Rakaia f low below t h e  conf luence, and was concerned fo r  t h e  
s a f e  passage o f  salmon t o  t h e i r  spawning ground, e s p e c i a l l y  t o  t h e  
G l e n a r i f f e  Stream. Concern has a l s o  been expressed over t h e  e f f e c t  
35 P l a n t  fac to r :  t he  r a t i o  o f  mean output  t o  i n s t a l l e d  capac i ty .  
o f  d i v e r t i n g  f l ood  waters from the Wilberforce i n t o  Lake Coleridge. 
Suspended sediments i n  the f l o o d  water could s i g n i f i c a n t l y  d isco lour  
the normally c lea r  lake.  Such a s i t ua t i on ,  i f  i t  pers is ted  f o r  any 
leng th  o f  t ime and over a l a r g e  area of the lake, would be d e t r i -  
mental t o  the rec rea t iona l  f i she ry .  Sediment discharge i n t o  Lake 
Coleridge from the Wi lber force d ive rs ion  exceeded the maximum allowed 
by NZED's water r i g h t  on 20 percent of the days i n  1980 (Bowden, 1982). 
Maidment e t  a l .  (1980) suggest t ha t  b e n e f i c i a l  environmental 
e f fec ts  have a lso r esu l t ed  from the Wi lberforce d ivers ion,  a t  l e a s t  
t o  the reach o f  the r i v e r  downstream from the power s t a t i o n .  The 
reason i s  t h a t  more continuous generat ion from the Coler idge power 
s t a t i o n  dur ing the summer months i s  producing some improvement i n  
low f lows i n  the Rakaia River .  
7.3 Proposals for  the Future  
L i k e  the e a r l i e r  Rangi tata d i ve rs ion  scheme, cu r ren t  p lanning 
for  HEP i s  based upon i t s  p o t e n t i a l  complementarity w i t h  i r r i g a t i o n .  
The o r i g i n s  of the most recent  HEP proposals are found i n  the work 
o f  the Southern Energy Group (SEG, 1975). The $ G ' S  p lans were 
based on a dam t o  be b u i l t  a t  the confluence o f  the Wi lber force 
and Harper Rivers (Figure 7.1) .  Such a dam would enable almost 
50 percent o f  the catchment's surface drainage t o  be d i ve r t ed  through 
Lake Coleridge. 
Three p o t e n t i a l  schemes were formulated t o  u t i l i s e  the  Lake's 
storage capacity. Scheme A i nvo lved  a major r e b u i l d i n g  o f  the 
Lake Coleridge power s t a t i o n  so i t  would have an i n s t a l l e d  capaci ty 
o f  200 MW. The maximum l ake  l e v e l  would remain unchanged, bu t  dur ing 
the win ter  the lake  would be drawn-down by 18 metres t o  accommodate 
sp r ing  and ea r l y  summer peak f low. Scheme B was s i m i l a r  t o  A except 
the lake  l e v e l  would be al lowed t o  r i s e  by 12m dur ing the  summer, 
enabl ing a greater  winter '  draw-down. Scheme C, favoured by the 
SEG, c a l l e d  f o r  add i t i ona l  dams on both the Wi lberforce and Acheron 
~ i v e r s ,  thus enabl ing the l e v e l  o f  Lake Coleridge t o  be r a i sed  by 
24m. 
With Scheme C the present  power s t a t i o n  s i t i n g  would be obsolete 
s ince the out f low from the  lake  would occur a t  the Acheron River 
FIGURE 7.1 
I l l u s t r a t i o n  o f  t h e  SEG's Hydro P r o p o s a l s  f o r  
The Raka ia  R i v e r  
\ Rakaia Catchment 
Dam in Acheron River 
Power Station (82 PM) 
Pwer Station (264 MW) 
Canal Power Station No l (64 MW?, 
Canal Power Station No 2 (47 MW), 
Canal Power Station No 3 (50 E%?)I 
Main Trunk Line 
S o u r c e :  S o u t h e r n  Energy Group ( 1 9 7 5 ) .  
end of Lake Coleridge. An 82 MW power s t a t i o n  b u i l t  below the 
Acheron dam, would be passing water t o  a canal f lowing p a r a l l e l  t o  
the Rakaia River. The capaci ty o f  t h i s  canal was designed for  170 
cumecs, and j u s t  below the Rakaia Gorge a 264 MW power s t a t i o n  would 
u t i l i s e  the drop between the canal  and the r i v e r .  Once through the 
Gorge power s ta t ion ,  the water would e i t h e r  be discharged i n t o  the 
r i v e r  o r  passed i n t o  another canal  f o r  i r r i g a t i o n  use and/or fur ther  
HEP generation. The canal  system below the Gorge invo lved a main 
canal  running along the ter races above the r i v e r ,  and th ree  smaller 
canals branching o f f  a t  d i f f e r e n t  contour leve ls ,  eventua l ly  discharg- 
i n g  surplus water i n t o  the  Waimakariri, Selwyn and other r i v e r  catch- 
ments. Along the main race, th ree  add i t i ona l  power s t a t i ons  would 
be b u i l t ,  w i t h  a combined generat ing capaci ty o f  161 MW. 
The canal scheme was planned so t h a t  i t  could be developed 
e i t h e r  independently o r  i n  con junct ion w i t h  Scheme C. I n  f ac t ,  
the SEG proposals i n  1975 an t i c i pa ted  t h a t  the canal scheme should 
be developed as Stage I i n  an o v e r a l l  p lan  t ha t  l e f t  the Lake 
Coler idge developments u n t i l  Stage 111. I n  the absence o f  the 
d ive rs ion  o f  Lake Coleridge water i n t o  the canal system, Stage I 
plans envisaged in takes f o r  t he  canal  a t  the Rakaia Gorge and a t  
t he  230m contour l e v e l  on the  r i v e r  bed. O f  course, w i thout  the 
storage capaci ty of the  Lake and the  a b i l i t y  t o  d i r e c t  i t s  out f low 
i n t o  the  canal system, the p o t e n t i a l  of the complementarity between 
i r r i g a t i o n  and HEP development would be reduced. 
Table 7.1 summarises the maximum annual power output  f o r  each 
o f  the 1975 proposals. The t o t a l  development o f  Scheme C i n  
assocation w i t h  the canal  scheme would produce 2,852 gigawatt  hours 
(GWh) of e l e c t r i c i t y ,  more than ten  t imes the present 226 GWH output. 
To the  SEG, the a t t rac t i veness  o f  the  add i t i ona l  power generated 
was accentuated by the p rox im i ty  o f  Christchurch, a popu la t ion 
cen t re  w i t h  a h igh  peak-load demand. Transmit t ing the a d d i t i o n a l  
power t o  Chr istchurch not  on ly  reduced the cost  o f  e rec t ing  t rans-  
mission l i n e s ,  bu t  a lso  reduced the unavoidable losses o f  e l e c t r i c i t y  
t h a t  occur i n  power transmissions over long distances. Also, the 
r i s k  of power f a i l u r e  was lowered compared w i t h  t ransmission from 
the  hydro-schemes f u r t he r  south. 

I n  terms of p o t e n t i a l  gross revenue, an upper bound est imate 
o f  2,852 GWh produced through f u l l  development o f  the Rakaiafs 
p o t e n t i a l  can be obtained using the p r i c e  the Christchurch Munic ipal  
E l e c t r i c i t y  Department (MED) pays f o r  e l e c t r i c i t y  purchased from 
the NZED. The average p r i c e  pa id  f o r  the year ended March 1981 was 
3.254 cents ~ ~ h - l .  I f  i t  i s  assumed t h a t  t h i s  e l e c t r i c i t y  has a 
ready market a t  t h a t  p r i ce ,  2,852 GWh would have an annual value 
o f  about $93 m i l l i o n .  The annual value o f  the 226 GWh produced 
wi thout  any fur ther  development o f  the Rakaia i s  cu r ren t l y  worth 
$7.4 m i l l i o n  based on the 1981 p r i ce .  36 
I n  1979, the SEG modi f ied i t s  e a r l i e r  proposals f o r  the  Rakaia 
R ive r  (SEG, 1979). Three major changes i n  the assumptions upon 
which the  1975 plans were based necessi tated a re-evaluat ion.  
F i r s t l y ,  updated f low data a t  t he  Rakaia Gorge revealed a lower 
mean f low than was prev ious ly  assumed. Secondly, the i r r i g a t i o n  
requirements o f  the proposed LRIS were known w i t h  more ce r t a i n t y ,  
r e s u l t i n g  i n  a greater  amount o f  water t o  be l e f t  i n  the r i v e r  t o  
meet t h i s  demand. Th i rd l y ,  and probably most impor tant ly ,  the 
assumption o f  complete c o n t r o l  over the Wi lberforce River and the  
associated r i s e  i n  Lake Coler idge ls  storage capaci ty,  together w i t h  
the  a b i l i t y  t o  manipulate the Rakaia R i ve r ' s  f low, was found t o  be 
no t  j u s t i f i e d  t o  the ex tent  presupposed i n  1975. 
As mentioned e a r l i e r ,  the NZED re j ec ted  the a l t e rna t i ves  o f  
r a i s i n g  Lake Coleridge o r  increas ing the range i n  f l u c t u a t i o n  o f  
the  l a k e ' s  l eve l .  Instead, the NZED decided t o  p a r t i a l l y  d i v e r t  
the Wi lber force i n t o  Lake Coler idge us ing grave l  dams and canals. 
Also, the Lake Coleridge power s t a t i o n  was no t  t o  become obsolete. 
Thus, the SEG's 1975 proposals became i r r e l e v a n t  w i t h  NZED's dec is ion 
The SEG's modif ied (1979) proposal  was s i m i l a r  t o  "Stage 1" 
o f  t h e i r  1975 design. P o t e n t i a l  i n takes  f o r  the canals were i d e n t i -  
f i e d  a t  two s i t es ,  the f i r s t  approximately two k i lometres  upstream 
o f  the  Highbank power s t a t i on .  Water would be abstracted from t h i s  
s i t e  along the 238m contour t o  the top o f  the North bank terraces.  
I r r i g a t i o n  water would be d i ve r t ed  across the p l a i n s  i n  a canal, 
and t he  r es i dua l  water dropped 30m down the te r race  t o  a 20 MW 
36 1 GWh = 1,000,000 KWh 
capac i ty  power house. The t a i l w a t e r  would be re turned t o  the r i v e r ,  
o r  i f  required,  taken back along the t e r r ace  on the 180m contour 
t o  a  second i r r i g a t i o n  supply race. 
A major d i f f i c u l t y  encountered w i t h  t h i s  proposal i s  inherent  
i n  b u i l d i n g  and mainta in ing the i n t ake  a t  the  238m contour. A t  
t h i s  p o i n t  the braided r i v e r  bed i s  1,6 km wide, so ensuring the 
requ i red  f low i n t o  the i n t ake  would be a  r ecu r r i ng  problem. Also, 
f loods would tend t o  damage the i n t ake  works and create problems 
due t o  sediment bui ld-up as now occurs w i t h  the Rangitata d ivers ion.  
To overcome t h i s  p o t e n t i a l  problem the  SEG proposed an a l t e r n a t i v e  
s i t e ,  the  Rakaia Gorge. This i n t ake  would be b u i l t  i n t o  rock so prob- 
lems o f  scour and sediment bui ld-up would be avoided. However, s i t i n g  
the i n t a k e  a t  the Gorge would e n t a i l  longer canal  works t o  ca r ry  the 
abstracted water t o  the i r r i g a t i o n  canals and power s t a t i o n  downstream. 
But t he  extended canal was recognised as an advantage s ince an e x t r a  
power p l a n t  (15 MW) could be b u i l t  upstream of the i r r i g a t i o n  canal, 
and u t i l i s e  a l l  water abstracted f o r  power generat ion ra the r  than on ly  
the r e s i d u a l  water ava i lab le  t o  the  downstream power s ta t ion .  
Given the scaled-down vers ion of the  1975 proposals t o  which 
the  1979 plans were r e s t r i c t e d ,  the p r i n c i p l e  design problem conf ront -  
i n g  the  SEG i n  1979 dea l t  no t  so much w i t h  the  s i t i n g  o f  the i n t ake  
works, bu t  w i t h  the  s i ze  of the in take.  The bigger the in take  ( i . e .  
the amount o f  water able t o  be d ive r ted )  the l a r g e r  could be the 
generat ing capaci ty i n s t a l l e d  i n  the power p lants .  Also, b igger 
i n t ake  works would a l low for  a  h igher peak i r r i g a t i o n  demand, t h a t  
i s ,  a  l a r g e r  area able t o  be i r r i g a t e d  by surface water. 
The s i z e  o f  the in take  works i s  constra ined by the p o t e n t i a l  
a l l o ca tab le  flow, o r  the d i f fe rence  between the r i v e r  f low, the 
minimum f low standard, and the abs t rac t ion  demand ( p r i o r  water 
r i g h t s )  f u r t h e r  downstream. The seasonal minimum f low standards 
are f i xed ,  as are t he  ma jo r i t y  o f  downstream abs t rac t ion  demands. 
Therefore, the s i ze  o f  the in take  and subsequent abs t rac t ion  f o r  HEP 
and i r r i g a t i o n  development i s  determined so le l y  by r i v e r  f low. I n  
the 1975 proposals, the f low o f  the Rakaia River  was t o  be h i g h l y  
manageable because o f  the degree o f  c o n t r o l  over water storage i n  
Lake Coleridge. The 1979 proposals were constra ined by the absence 
o f  such a h igh  degree o f  con t ro l ,  apar t  from t h a t  a f forded by the 
Wi lberforce River d ivers ion.  
I n  i d e n t i f y i n g  the degree o f  c o n t r o l  over the r i v e r ' s  f low as 
the main cons t ra in t  on both HEP and i r r i g a t i o n  development, the com- 
plementary nature o f  the two i s  re in forced.  The SEG, uncer ta in  as 
t o  how much c o n t r o l  could be exerc ised over the Rakaia, s tud ied three 
d i f f e ren t - s i zed  in takes (see Table 7.2). Without r i v e r  con t ro l ,  100 
cumecs could be abstracted, bu t  i n  the  win ter  when power generat ion 
demands are  highest, the f u l l  100 cumecs could be abstracted on ly  
22 percent of the time. F i f t y  cumecs could be abstracted f o r  80 percent 
o f  the  time, increas ing the p l a n t  f ac to r  from 70 t o  94 percent. Again 
these f i gu res  assume no degree o f  r i v e r  con t ro l .  
TABLE 7.2 
Flow Dev ia t ion and P lan t  Factors For 
A l t e rna t i ve  I n t ake  Sizes 
Percentage o f  
Design Size o f  Time Flow Ava i lab le  f o r  Winter P lan t  A l t e rna t i ves  In take Abst rac t ion Factor  
i n  Winter 
m3/s percent percent 
1 50 80 94 
Source: SEG (1979). Based on F igu re  3 and t e x t  o f  SEG (1979). 
So f a r  the discussion has concerned proposals f o r  HEP development 
above the  Gorge and on the no r t h  bank o f  the River. On the south bank, 
a smal l  sca le  HEP development i s  proposed i n  assoc ia t ion w i t h  the 
LRIS (Daniel,  1980a and 1980b). The LRIS, as proposed, w i l l  abs t rac t  
a maximum of  20 cumecs t o  meet peak i r r i g a t i o n  demand. I n  the w in te r  
when i r r i g a t i o n  does no t  take place, water abst rac t ion could cont inue 
t o  generate power f o r  load needs. The distance between the LRIS in take  
and the  r e t u r n  o u t l e t  i s  est imated (Daniel  1980a) a t  around 3.5 km. 
Planning f o r  HEP development i n  assoc ia t ion w i t h  the LRIS has, however, 
advanced l i t t l e  beyond t h i s  i n i t i a l  recogn i t i on  o f  i t s  p o t e n t i a l .  
7.4 I m p l i c a t i o n s  f o r  Regional Water Resource Planning 
Proposals t o  develop the  Rakaia 's  power p o t e n t i a l  have n o t  
rece ived t h e  p u b l i c  a t t e n t i o n  t h a t  t h e  proposed i r r i g a t i o n  schemes 
have, b u t  t h e  i m p l i c a t i o n s  o f  HEP development f o r  t h e  reg ion  are  
poss ib l y  as important .  I n  the  f o l l o w i n g  some o f  t he  consequences o f  
HEP development f o r  r e g i o n a l  energy p o l i c y ,  t h e  environment and t h e  
o v e r a l l  economics o f  i r r i g a t i o n  development a re  h igh l i gh ted .  
7.4.1 Energy P r i c i n g  and P o l i c y  The 1979 plan, assuming 
70 cumecs were abst rac ted f o r  two power houses w i t h  a  combined 
capac i ty  o f  35 MW ( t h e  i n t a k e  design o p t i o n  2 ) ,  would generate an 
a d d i t i o n a l  242 GWh per  annum above t h a t  now produced by t h e  Lake 
Colerd ige and Highbank power s ta t i ons .  A t  1981 p r i ces ,  and assuming 
t h a t  a  market f o r  t h i s  power e x i s t s ,  t h i s  e x t r a  power i s  worth $7.9 
m i l l i o n  annual ly .  I n  comparison, $85 m i l l i o n  worth o f  a d d i t i o n a l  
power cou ld  be generated i f  the  o r i g i n a l  1975 proposal  was implemented. 
The SEG est imated t h e  c a p i t a l  c o s t  o f  t h e  1979 proposal  a t  about 
$42 m i l l i o n ,  o r ,  i n  terms o f  a  cos t  per  u n i t ,  2.09 cents K W ~ - '  produced. 
These cos ts  assume t h a t  i r r i g a t i o n  development would occur and t h a t  
i r r i g a t o r s  would c o n t r i b u t e  t o  t h e  c a p i t a l  cos t  of t he  i n takes  and 
canals. As a  s i n g l e  purpose p r o j e c t  ( i . e .  power generat ion o n l y ) ,  
t he  u n i t  c o s t  o f  t h e  e l e c t r i c i t y  was est imated a t  2.26 cents Kwh-'. 
Even so, t h i s  i s  w e l l  below the  t h r e e  p l u s  cents  K W ~ - '  n a t i o n a l  
incrementa l  c o s t  f o r  p r o v i d i n g  a d d i t i o n a l  generat ing capac i ty  (SEG, 
The d i f f e r e n c e  between t h e  p r i c e  t h e  MED pays f o r  e l e c t r i c i t y  
( 3 . 2 5 4 ~  KWh-') and t h e  cos t  o f  o b t a i n i n g  f u r t h e r  power from t h e  Rakaia 
( 2 . 0 9 ~  ~ ~ h - l )  i s  1 . 1 6 4 ~  KWh-l, a  s i g n i f i c a n t  amount even a f t e r  i n f l a t -  
i n g  t h e  c o s t s  t o  1981 d o l l a r s .  I f  Canterbury cou ld  s u b s t i t u t e  l o c a l  
f o r  n a t i o n a l  g r i d  e l e c t r i c i t y  a t  t h e  assumed supply p r i ce ,  t h e  annual 
savings t o  households and i n d u s t r y  cou ld  be o f  t he  order  o f  $2 m i l l i o n .  
The i m p l i c a t i o n  i s  t h a t  i t  might be i n  t h e  i n t e r e s t s  o f  t he  l o c a l  power 
board t o  undertake the  scheme i f  t h e  NZED d i d  not .  The p o t e n t i a l  
savings cou ld  a c t u a l l y  be l a r g e r ,  e s p e c i a l l y  i f  the  marg ina l  p r i c e  
p a i d  by t h e  MED f o r  w i n t e r  peak loads was used i n  t h e  f i n a n c i a l  ana lys i s .  
7.4.2 Environmental and Recreational Considerations As w i t h  
i r r iga t ion  development, the environmental and recreational consequences 
of HEP development are uncertain. Clearly, the most extensive harmful 
impacts would be associated w i t h  the proposed modification to  the 
Wilberforce River and the fluctuating surface levels  of Lake Coleridge. 
Because the proposed development would substant ial ly  a l t e r  the flow 
pattern of the Rakaia, i f  managed appropriately, it  is also conceivable 
that  s ignif icant  enhancement of the sport  and commercial fishery could 
resu l t .  On the other hand, a permanent dam on the Wilberforce without 
a sui table  f i sh  pass would eliminate migration up and down that  
t r ibutary.  
The current Wilberforce diversion is not without i ts environmental 
draw-backs, par t icular ly the potential  for increased sedimentation and 
water turbidi ty .  Discolouration of the water w i l l  have a major impact 
on food production for the lake ' s  f i sh ,  especially i n  the l i t t o r a l  
zone where both food production and vulnerabili ty to  s i l t i n g  are 
the greatest .  I f  the increased flow in to  Lake Coleridge through the 
Wilberforce diversion requires a considerable flux i n  the lake ' s  
level ,  then damage caused to  birds nesting on the l ake ' s  edge and the 
l i t t o r a l  zone w i l l  have to  be balanced against the benefits gained 
from bet ter  control of potentially damaging flood events. Given tha t  
the 1979 modified proposals are  more l ike ly  to  be implemented than 
the ea r l i e r  plans, the main concerns about environmental impacts w i l l  
focus on the potent ial  implications of abstraction from a s i t e  a t  or 
just below the Gorge. Chapter 6.2 and Appendix 4 de ta i l  the probable 
e f fec ts  of reduced downstream flow on f i sh  and invertebrates. 
Unless modifications i n  the present scheme designs are made 
w i t h  specif ic  regard to  the habitat  needs of wildl i fe  "at r isk",  
s ignif icant  abstraction of water for HEP over long sections of the 
r iver  w i l l  l ike ly  impose social  costs  tha t  require "weighing up1' 
against the apparent social  benefits. Since HEP development w i l l ,  
i n  a l l  probabili ty,  be associated w i t h  i r r iga t ion  development, and 
because of i ts  potential  for recreational enhancement as well as 
degradation, planning agencies must a lso carefully consider the 
"opportunities forgone" that  could r e su l t  from any given decisions. 
Douglass e t  a l .  (1979) discuss a number of specif ic  enhancement 
poss ib i l i t i e s .  Recreational f a c i l i t i e s  could be developed i n  association 
w i t h  water canals and s e t t l i n g  ponds, p rov id ing  f i sh i ng ,  boating, water- 
fow l  hab i t a t  and hunting, and p icn ick ing  and s ightsee ing oppor tun i t ies .  
An a r t i f i c i a l  white-water canoe course and s i m i l a r  spec ia l ised a c t i v i t i e s  
are a lso poss ib le  w i t h  c o n t r o l l e d  water f lows. I n  s p i t e  o f  these 
rec rea t iona l  enhancements made possib le by water developments, i t  i s  
d i f f i c u l t  t o  see how such proposals could compensate f o r  the loss  o f  
f i s h i n g  and boat ing oppor tun i t i es  and other amenity bene f i t s  t h a t  would 
be associated w i t h  a n a t u r a l  "w i l d  and scenicu r i v e r  resource. 
An i n t e r e s t i n g  p o s s i b i l i t y  t h a t  has no t  been se r ious ly  studied 
thus f a r  i s  the use o f  the power and i r r i g a t i o n  r e t i c u l a t i o n  system 
as a hab i t a t  fo r  salmonid r ea r i ng  and propagation. The evidence 
reviewed i n  Chapter 6 (and Appendix 4) l e d  t o  t he  conclusion t h a t  
"highn as w e l l  as low f low condi t ions were p o t e n t i a l l y  l i m i t i n g  t o  
increased Rakaia salmon stocks. Since water development can exerc ise 
some degree of c o n t r o l  over na tu ra l  f lows, and i n  p a r t i c u l a r  the 
dampening e f f e c t  of r ese rvo i r  storage ( v i a  l a r g e  sca le  HEP development) 
on f l ood  events, the p o t e n t i a l  f o r  enhancement o f  the  r i v e r  f i shery  
could be considerable. Intercatchment t r ans fe r  o f  t a i l  water and 
subsurface r e t u r n  f lows could permanently open up the  ephemeral ( i n  
summer) reaches of r i v e r s  such as the Selwyn, thus c rea t ing  "neww 
rec rea t i ona l  oppor tun i t i es  for  sportsmen. New commercial salmon 
ranching oppor tun i t i es  may a lso be made possib le,  espec ia l l y  i f  canals 
and s e t t l i n g  ponds could be modified t o  serve a dua l  r o l e  as spawning 
and rea r i ng  hab i ta ts .  37 
The v i s u a l  aspects o f  the j o i n t  HEP and i r r i g a t i o n  proposals 
were a lso considered by Douglass e t  a l .  (1979). The in take  works, 
canals, and power s t a t i ons  w i l l  have a considerable v i s u a l  impact 
on the Rakaia River  environs. But w i t h  appropr ia te  landscaping, t h i s  
negat ive e f f e c t  might be minimised. A l e ss  obvious bu t  important 
e f f e c t  i s  the probable increase i n  wind-blown s i l t  on and around the 
r iverbed.  Such 'dust  storms' are already a problem along the r i v e r  
due t o  the prevalence o f  s t rong northwester ly  winds over summer, and 
can only be aggravated dur ing const ruc t ion o f  HEP and i r r i g a t i o n  works. 
7.4.3 M u l t i p l e  Use Development Economics I f  i r r i g a t i o n ,  hydro- 
e l e c t r i c  power and enhanced rec rea t iona l  amenit ies are  j o i n t  products i n  
37 See Appendix 4 f o r  a b r i e f  d iscussion o f  some l i m i t a t i o n s  associated 
w i t h  t h i s  p o s s i b i l i t y .  
a water resource development scheme, such a mult i-purpose scheme could 
prove more economically a t t r a c t i v e  than i t s  single-purpose cousins. 
The answer l i e s  i n  the a b i l i t y  t o  share c a p i t a l  cost .  A well-known 
example i s  HEP revenue he lp ing t o  r e l i e v e  the  repayment burden and/or 
running costs  o f  farm i r r i g a t i o n  development. Sharing the expense 
o f  c o s t l y  headworks and s t ruc tu res  can make v i ab l e  c e r t a i n  worthwhile 
developments t h a t  could otherwise not  be able t o  bear the f i n a n c i a l  
burden alone, f o r  example, a major spor t  f i she ry  o r  commercial f i she ry  
enhancement programme i nvo l v i ng  both n a t u r a l  and a r t i f i c i a l  methods. 
7.5 Conclusions and Imp l i ca t ions  
The Rakaia River has been used f o r  t he  generat ion o f  hydro -e lec t r i c  
power s ince before 1920, w i t h  the cons t ruc t ion  o f  the Lake Coleridge 
power s t a t i on .  I n  1945, the complementary nature o f  power and i r r i g a t i o n  
development was demonstrated w i t h  the  complet ion o f  the Rangitata 
d i ve rs ion  race. Current i r r i g a t i o n  proposals for  the  Cent ra l  P la ins  
and Lower Rakaia a lso recognise the p o t e n t i a l  o f  power generation. 
E a r l i e r  HEP plans c a l l e d  f o r  a s i g n i f i c a n t  degree o f  c o n t r o l  over the  
storage contained i n  Lake Coleridge and the re fo re  over the f low i n  the 
Rakaia River.  Accordingly, the ea r l y  p lans considered a much greater  
generat ing capaci ty and i r r i g a t i o n  water supply than the more recent 
plans which do not  requ i re  t h i s  degree o f  f low manipulat ion. 
Decisions regarding the scale and design o f  i r r i g a t i o n  f o r  the 
Cent ra l  P l a i ns  and Lower Rakaia are l i k e l y  t o  be made w i t h i n  the 
next year o r  two. Decisions regarding power development w i l l  l i k e l y  
be postponed t o  a l a t e r  date. I n  the M i n i s t r y  o f  Energy's (1980) 
"Energy Planft,  major HEP proposals and t h e i r  requ i red approval dates 
are de ta i l ed  f o r  the  per iod up t o  1986, which i f  approved, would be 
f u l l y  commissioned i n  1993. HEP plans f o r  the Rakaia are not  inc luded 
i n  the 1980 Energy Plan. However, smal l  sca le  hydro development i s  
an op t ion  open t o  l o c a l  au tho r i t i e s .  On the  bas is  o f  SEG's f indings,  
t h i s  op t ion  appears a t t r a c t i v e ,  given the  d i f fe rence  between the 
u n i t  cost  o f  a d d i t i o n a l  power from the Rakaia and the marginal cost  
o f  buying peak power requirements from the NZED. 
Before f i r m  decis ions are made regarding the  scale and design 
o f  HEP/ i r r i ga t ion  developments on the Rakaia, several  important areas 
of research should be completed. I n  the sho r t  term, the on-going 
research which focuses on gaining a better understanding of the environ- 
mental requirements of wildlife whose habitat includes Lake Coleridge 
should be stepped up. Future studies should concentrate on the environ- 
mental implications of storage and flow management that would accompany 
the various options for joint hydro and irrigation works, emphasising 
the tradeoffs in recreation and wildlife enhancement and degradation. 
An equally important issue deserving immediate study is the potential 
cost and revenue sharing benefits of multiple use options for Central 
Plains water development. Of specific interest to planners would be: 
1. the potential capital cost savings per hectare irrigated, 
2. the incentive of cheaper electricity on the development 
of groundwater resources in both the CPIS and LRIS area, 
and 
3 .  the equitable sharing of development costs and project 
revenues between the irrigation associations and local 
authorities. 
Implicit in these studies would be the optimum timing and spatial 
considerations of a total water resource development plan for the 
region. 
Obviously, additional research is necessary on the future power 
requirements of Canterbury. Since South Island HEP developments are 
likely to continue through the early 19901s, estimates of Christchurchls 
future power needs are required. If a local authority is to develop 
the HEP potential of the Rakaia River, it needs to know at the outset 
how the power will be utilised when it becomes available. This 
research also needs to consider the increased demand associated with 
the conversion of coal, wood and oil-fired heaters to electricity, 
a development which might occur if the apparent reduction in power 
generation costs were passed on to the consumer, or if the local 
authority took legal steps to reduce winter air pollution in Christchurch, 
a major source of which is domestic heating by coal and wood. 
CHAPTER 8  
A N  A N A L Y T I C A L  FRAMEWORK FOR R E G I O N A L  WATER POLICY ANALYSIS 
8 . 1  I n t r o d u c t i o n  
Unl ike  t h e  p r e v i o u s  c h a p t e r s  o f  t h i s  r e p o r t ,  which reviewed i s s u e s  
and a v a i l a b l e  i n f o r m a t i o n  on s p e c i f i c  a s p e c t s  o r  t o p i c s  i n  i r r i g a t i o n  deve lop-  
ment,  t h i s  C h a p t e r  d e s c r i b e s  an  a n a l y t i c a l  approach  which a t t e m p t s  t o  i n t e g r a t e  
t h i s  i n f o r m a t i o n  i n t o  a  mean ingfu l  form f o r  d e c i s i o n  making. I t  i s  c l e a r  
from t h e  b road  p u b l i c  i n t e r e s t  i n  Rakaia  R i v e r  p l a n n i n g  t h a t  a  m u l t i - o b j e c t i v e  
a n a l y s i s  framework is needed.  Because knowledge o f  t h e  consequences  is 
n o t  a d e q u a t e  i n  some i m p o r t a n t  d imens ions  o f  t h e  r i v e r ' s  u s e ,  r i s k  and 
u n c e r t a i n t y  p l a y  a n  i n t e g r a l  p a r t  i n  p r o j e c t  a s s e s s m e n t .  The a s s e s s m e n t  
methodology must a l s o  be  c o n s i s t e n t  w i t h  t h e  i n s t i t u t i o n a l  framework o f  
l a w s ,  r e g u l a t i o n s ,  p l a n n i n g  p r o c e d u r e s  and t e r m s  o f  r e f e r e n c e  (Chap te r  3 )  
i f  i t  is t o  a i d  r e s o u r c e  p l a n n e r s  and p o l i c y  makers  a t  t h e  p r a c t i c a l  l e v e l  
o f  n e a r  and i n t e r m e d i a t e  term d e c i s i o n  needs .  
I n  S e c t i o n  2  a n  impac t  a s sessment  framework is o u t l i n e d  and i ts under-  
l y i n g  assumpt ions  a r e  d i s c u s s e d .  The a s s e s s m e n t  framework i s  a p p l i e d  t o  
t h e  Rakaia p l a n n i n g  c o n t e x t  i n  S e c t i o n  3. The e x p e c t e d  i m p a c t s  deve loped  
i n  p r e v i o u s  c h a p t e r s  a r e  summarised, t h e  complementary and c o m p e t i t i v e  
n a t u r e  o f  r i v e r  u s e s  a r e  d e s c r i b e d ,  and t h e  s e c t i o n  is concluded w i t h  a  
b r i e f ,  p r e l i m i n a r y  a n a l y s i s  o f  some a l t e r n a t i v e  w a t e r  development p o l i c y  
s c e n a r i o s .  The i m p l i c a t i o n s  t o  be  drawn from t h e  d i s c u s s i o n  a r e  p r e s e n t e d  
i n  S e c t i o n  4. 
8 .2  A n a l y t i c a l  Impact Assessment 
The term " a n a l y t i c "  means t o  employ a method o f  r e a s o n i n g ,  l o g i c a l  
and d e d u c t i v e ,  and "assessment1 '  means v a l u a t i o n  i n  t h e  measurab le ,  comparable  
s e n s e .  A n a l y t i c a l  impac t  a s sessment  is a  b r o a d ,  m u l t i - d i s c l i p l i n a r y  and 
mul t i -d imens iona l  approach  t o  t h e  a n a l y s i s  o f  change ,  emphas i s ing  t h e  
q u a n t i f i c a t i o n  and c o m p a r a b i l i t y  o f  i ts  consequences .  I n  wa te r  r e s o u r c e  
a p p l i c a t i o n s ,  t h e  approach  is  n e c e s s a r i l y  s y s t e m s  o r i e n t e d  i n  r e c o g n i t i o n  
o f  t h e  c o m p l e x i t i e s  t h a t  e x i s t  i n  t h e  h y d r o l o g i c ,  g e o l o g i c ,  b i o l o g i c ,  
s p a t i a l ,  economic,  s o c i a l ,  p o l i t i c a l  and o t h e r  d imens ions .  T h i s  s e c t i o n  
r e v i e w s  t h e  b a s i c  a s s u m p t i o n s  and c o n t e n t  o f  a n  a s s e s s m e n t  framework f o r  
Rakaia  River  p l a n n i n g .  
8 . 2 . 1  Time, Resource  and Data L i m i t a t i o n s  P l a n n i n g  n e v e r  p r o c e e d s  
w i t h o u t  t h e  m u l t i p l e  c o n s t r a i n t s  o f  l i m i t e d  t i m e ,  f u n d i n g ,  e x p e r t i s e  and 
d a t a  a v a i l a b i l i t y .  A c c o r d i n g l y ,  r e s o u r c e  b u d g e t s  must  r e f l e c t  i n f o r m a t i o n  
and a n a l y t i c a l  p r i o r i t i e s .  A u s e f u l  way t o  a p p r o a c h  t h e  t a s k  o f  i d e n t i f y i n g  
p r i o r i t y  d a t a  and a n a l y t i c a l  n e e d s  is t o  b e g i n  by a s k i n g  some fundamental  
3 8  q u e s t i o n s  ( a f t e r  Schramm, 1980)  : 
1. For whom a r e  we p l a n n i n g ?  
2 .  What a r e  t h e  s o c i a l ,  economic and e n v i r o n m e n t a l  c o n c e r n s  a t  i s s u e ?  
3 .  What a r e  t h e  n e e d s  o f  t h e  p e o p l e  t o  b e  s e r v e d ?  
4 .  How can  t h e s e  n e e d s  b e  met w i t h  o r  w i t h o u t  t h e  p roposed  developments?  
5. What knowledge a b o u t  t h e  p h y s i c a l ,  c h e m i c a l ,  b i o l o g i c a l ,  economic,  
i n s t i t u t i o n a l  and o t h e r  a s p e c t s  is r e q u i r e d  t o  b e  a b l e  t o  a s s e s s  
t h e  d e s i g n e d  f u n c t i o n  and consequences  o f  t h e  p roposed  developments?  
6 .  How much d e t a i l  and a c c u r a c y  is r e q u i r e d  f o r  e a c h  t y p e  o f  d a t a  i n  
o r d e r  t o  a r r i v e  a t  a c c e p t a b l e  d e c i s i o n s  -- what  is  t h e  r a n g e  i n  
a c c e p t a b l e  e r r o r  and what a r e  t h e  p o t e n t i a l  p e n a l t i e s  o f  b e i n g  wrong? 
7 .  Does t h e  p l a n n i n g  framework p e r m i t  t h e  c o n s i d e r a t i o n  o f  a  wide  r a n g e  
o f  a l t e r n a t i v e s  t o  s o l v e  obse rved  p rob lems ,  i n c l u d i n g  t h o s e  t h a t  
may f a l l  o u t s i d e  t h e  s p e c i f i c  r e s p o n s i b i l i t i e s  o f  t h e  p l a n n i n g  b o d i e s ?  
8. W i l l  t h e  p l a n n i n g  a g e n c i e s  have t h e  e x p e r t i s e  needed f o r  m u l t i p l e  
o b j e c t i v e  p l a n n i n g  and e v a l u a t i o n  p r o c e d u r e s ,  e s p e c i a l l y  i n  t h e  economic,  
s o c i a l  and e n v i r o n m e n t a l  f i e l d s ?  
9. Does t h e  framework f a c i l i t a t e  t h e  a d a p t i o n  o f  p l a n s  t o  chang ing  n a t i o n a l ,  
r e g i o n a l  and l o c a l  p r i o r i t i e s ?  
10 .  Does t h e  framework s e e k  r e p r e s e n t a t i o n  o f  a l l  p a r t i e s  a f f e c t e d  by 
t h e  proposed development?  
j8 Adapted from "Guide t o  t h e  P l a n n i n g  and E v a l u a t i o n  o f  Mul t i -purpose  
H y d r a u l i c  P r o j e c t s  from t h e  Economic, F i n a n c i a l ,  Environmental  and 
S o c i a l  P o i n t s  o f  View, O r g a n i s a t i o n  f o r  Economic Co-operat ion and 
Development, P a r i s ,  J u l y ,  1978.  
11. Does t h e  framework r e w a r d  i n i t i a t i v e  and  i n n o v a t i o n  among t h e  members 
o f  t h e  t e c h n i c a l  and  management s e c t i o n s  o f  t h e  r e s p o n s i b l e  a g e n c i e s ?  
8.2.2 S o c i a l  O b j e c t i v e s  and B e n e f i c i a l  Use P u b l i c  w a t e r  r e s o u r c e  
a g e n c i e s  are r e q u i r e d  by l a w  i n  New Zea land  t o  e x e r c i s e  d u e  r e g a r d  f o r  
a l l  b e n e f i c i a l  u s e s  i n  d e v e l o p i n g  n a t u r a l  w a t e r .  Yet, a s  d i s c u s s e d  i n  
C h a p t e r  3 ,  what  c o n s t i t u t e s  a b e n e f i c i a l  u s e  is  n o t  made c lear  by t h e  
g o v e r n i n g  l e g i s l a t i o n .  R u l e s  and  r e g u l a t i o n s  p r o m u l g a t e d  unde r  t h e  1967 
Water and S o i l  C o n s e r v a t i o n  Act ( a s  amended) are i n t e n d e d  t o  promote  "wise 
u s e " ,  and  t h e  a u t h o r s  i n t e r p r e t  t h i s  t o  mean e f f i c i e n t  a n d  e q u i t a b l e  
a l l o c a t i o n  o f  t h e  r e s o u r c e  i n  t h e  b e s t  i n t e r e s t s  o f  s o c i e t y  and f u t u r e  
3 9 g e n e r a t i o n s .  A c c o r d i n g l y ,  predominance  is g i v e n  t o  c o n s i d e r a t i o n s  o f  
r e s o u r c e  u s e  e f f i c i e n c y  and  d i s t r i b u t i o n a l  a s p e c t s  i n  t h e  a n a l y t i c a l  a s s e s s -  
ment  framework.  
B e n e f i c i a l  u s e s  o f  n a t u r a l  water, and i n  p a r t i c u l a r  f r e e  f l o w i n g  
r i v e r s ,  t a k e  many f o r m s  i n c l u d i n g  non-consumpt ive  a s  well as consumpt ive  
( a b s t r a c t i v e )  u s e s .  R e c r e a t i o n ,  n a v i g a t i o n ,  and  waste d i s p o s a l  a r e  well 
known examples  o f  i n s t r e a m  u s e s  which a r e  b e n e f i c i a l  t o  s o c i e t y ,  y e t  b e c a u s e  
t h e s e  p u b l i c  goods  a n d  s e r v i c e s  are o f t e n  n o t  p r i c e d  i n  t h e  marke t  p l a c e  
t h e i r  i m p o r t a n c e  i n  economic  terms i s  n o t  e a s i l y  compared  w i t h  marke ted  
commodi t i e s  l i k e  a g r i c u l t u r a l  p r o d u c e  and m u n i c i p a l  s e r v i c e s .  I n s t r e a m  
a n d  a b s t r a c t i v e  u s e s  are  o f t e n  c o m p e t i t i v e ,  and  d e c i s i o n s  t o  expand t h e  
b e n e f i c i a l  u s e  o f  o n e  r e s u l t s  i n  a  t r a d e - o f f  i n  s o c i a l  w e l f a r e .  Under 
t h e  above  i n t e r p r e t a t i o n  o f  t h e  meaning o f  "wise u s e " ,  s u c h  a l l o c a t i o n  
d e c i s i o n s  r e q u i r e  measurement  o f  t h e s e  t r a d e - o f f s  i n s o f a r  a s  t h a t  i s  p o s s i b l e .  
8 . 2 . 3  A Common Numera i re?  E n v i r o n m e n t a l  g o o d s ,  s e r v i c e s  and a m e n i t i e s  
a r e  d i f f i c u l t  t o  q u a n t i f y  i n  d o l l a r  terms, and c o n s e q u e n t l y  many p e o p l e  
are  u n w i l l i n g  t o  a c c e p t  t h e  i d e a ,  even  i n  p r i n c i p l e > o  Too o f t e n ,  e c o n o m i s t s ,  
i n  t h e i r  z e a l  t o  f i n d  t h e  m a r k e t  v a l u e  o f  a m e n i t i e s ,  e n d  up l i k e  Oscar  
W i l d e ' s  c y n i c ,  knowing t h e  p r i c e  o f  e v e r y t h i n g  and t h e  v a l u e  o f  n o t h i n g .  
However, many e n v i r o n m e n t a l  c o n c e r n s ,  i f  p r o p e r l y  e v a l u a t e d  w i t h i n  t h e  
framework o f  s o c i e t a l  n e e d s  and p r e f e r e n c e s ,  a r e  no d i f f e r e n t  t h a n  any 
o t h e r  s e t  o f  economic  v a l u e s  -- v a l u e s  t h a t  f u l f i l 1  human e n d s  -- which 
39 P l a n n i n g  T r i b u n a l s  h a v e  s o  f a r  been  r e l u c t a n t  t o  d e f i n e  b e n e f i c i a l  
u s e ,  e s p e c i a l l y  where  " p u b l i c  good" a s p e c t s  o f  water u s e  are j u x t a p o s e d  
w i t h  deve lopmen t  o r  "commodity goods"  ( B l a c k ,  1 9 7 8 ;  a l s o  s e e  Appendix 2 ) .  
40 A s  someone s a i d ,  "We have  h e a r d  s o  o f t e n  t h a n  you c a n n o t  q u a n t i f y  
b e a u t y  t h a t  we t e n d  t o  f o r g e t  t h a t  you r e a l l y  c a n n o t  q u a n t i f y  b e a u t y " .  
compete f o r  l i m i t e d  means and a v a i l a b l e  r e s o u r c e s .  A common measure o f  
v a l u e  is  r e q u i r e d ,  and s i n c e  development u s e s ,  p a r t i c u l a r l y  p r o j e c t s  which 
r e q u i r e  p u b l i c  t a x  revenue ,  a r e  j u s t i f i e d  on t h e  b a s i s  o f  monetary  p e r f o r -  
mance c r i t e r i a ,  i t  f o l l o w s  t h a t  q u a n t i f i c a t i o n  of non-market  goods i n  compa- 
r a b l e  terms would a i d  d e c i s i o n  making. 
An Example. The North  C a n t e r b u r y  Catchment h a s  a t  i t s  d i s p o s a l  s e v e r a l  
means o f  c o n t r o l l i n g  r i v e r  w a t e r  a l l o c a t i o n s ,  where u s e r s  may be  i n  c o n f l i c t ,  
t o  promote e f f i c i e n t  and e q u i t a b l e  u s e  o f  t h e  r e s o u r c e .  I n  a d d i t i o n  t o  
g r a n t i n g  and renewing w a t e r  r i g h t s ,  t h e  p r imary  management t o o l  i s  t h e  
a d m i n i s t r a t i v e  minimum f low s t a n d a r d .  A l l o c a t i v e  r u l e s  b a s e d  on s e a s o n a l  
minimum f low s t a n d a r d s  a r e  c o n t r o v e r s i a l  s i n c e  t h e  p o t e n t i a l  g a i n s  and 
l o s s e s  t o  s o c i e t y  o f  any se t  f low r a t e  a r e  n o t  now known. For  t h e  Rakaia 
t h e  e s s e n t i a l  q u e s t i o n  is  t h e  magni tude o f  t h e  t r a d e - o f f  between a b s t r a c t i o n  
b e n e f i t s  and i n s t r e a m  b e n e f i t s  o v e r  t h e  r e l e v a n t  r a n g e  o f  p roposed  w i t h d r a w a l s .  
One way t o  b e t t e r  u n d e r s t a n d  t h e  i m p l i c a t i o n s  o f  a l t e r n a t i v e  minimum flow 
s t a n d a r d s  is t o  e s t a b l i s h  t h e  economic v a l u e  o f  i n s t r e a m  and a b s t r a c t i v e  
u s e s  o v e r  t h i s  r e l e v a n t  r a n g e .  An example i l l u s t r a t i n g  t h e  u s e  o f  economic 
v a l u a t i o n  p r o c e d u r e s  is  r e p o r t e d  i n  F i g u r e  8.1.  
The r e l e v a n t  r a n g e  i n  r i v e r  w a t e r  a b s t r a c t i o n  i s  measured a l o n g  t h e  
h o r i z o n t a l  a x i s ,  and t h e  v e r t i c a l  a x i s  measures  m a r g i n a l  ( o r  i n c r e m e n t a l )  
s o c i a l  c o s t s  and b e n e f i t s ,  i n  d o l l a r  t e r m s ,  a s s o c i a t e d  w i t h  any p a r t i c u l a r  
a b s t r a c t i o n  l e v e l .  The m a r g i n a l  s o c i a l  c o s t  f u n c t i o n  (MSC) d e s c r i b e s  t h e  
r e l a t i o n s h i p  between i n s t r e a m  b e n e f i t s  fo regone  due t o  i n c r e m e n t a l l y  g r e a t e r  
l e v e l s  o f  a b ~ t r a c t i o n . ~ ~  The m a r g i n a l  s o c i a l  b e n e f i t  f u n c t i o n  (MSB) s t a t e s  
t h e  r e l a t i o n s h i p  between a b s t r a c t i v e  u s e r  v a l u e s  f o r  i n c r e m e n t a l l y  g r e a t e r  
amounts o f  w a t e r .  P rov ided  t h a t  i n s t r e a m  and a b s t r a c t i v e  u s e s  a r e  o r d e r e d  
a c c o r d i n g  t o  p r i o r i t y  u s e s  ( i . e . ,  t h e  most v a l u e d  u s e s  f i r s t ,  t h e  n e x t  
h i g h e s t  v a l u e d  u s e s  second ,  e t c . )  t h e  MSC and MSB f u n c t i o n s  w i l l  be p o s i t i v e l y  
and n e g a t i v e l y  s l o p e d  r e s p e c t i v e l y .  
Now, suppose  t h a t  t h e  two d i f f e r e n t  minimum f low s t a n d a r d s  a r e  under 
d e b a t e ,  P o l i c i e s  I and 11. l l E n v i r o n m e n t a l i s t s "  s u p p o r t  P o l i c y  I because  
i t  l e a v e s  more w a t e r  i n  t h e  r i v e r  w h i l e  ' l d e v e l o p m e n t a l i s t s l l  s u p p o r t  P o l i c y  I1 
b e c a u s e  i t  d o e s n ' t .  Both a rguments  a r e  v a l i d  s i n c e  t h e  p o i n t s  o f  i n t e r s e c t i o n  
o f  t h e  p o l i c y  s t a n d a r d s  w i t h  t h e  MSC and MS6 c u r v e s  a r e  " p o s i t i v e 1 '  amounts,  
41 T h i s  is  a l s o  commonly r e f e r r e d  t o  a s  t h e  e n v i r o n m e n t a l  damage 
f u n c t i o n .  
FIGURE 8.1 
I l l u s t r a t i o n  o f  a n  Oot imal  Minimum Flow S t a n d a r d  
Marginal  
( i n c r e m e n t a l  ) 
S o c i a l  C o s t s  
and B e n e f i t s  4 
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Optimal \ A l l o c a t i o n  
MSC ( I n s t r e a m  
Uses)  
MS6 ( A b s t r a c t i v e  
Uses)  
R iver  Water ut-l 
A b s t r a c t i o n  
Notes:  $U-' is  d o l l a r s  p e r  a d d i t i o n a l  u n i t  o f  w a t e r  a b s t r a c t e d  
u t - l  is  u n i t s  o f  water a b s t r a c t e d  p e r  u n i t  o f  time, t .  
I ,  11, I11 = a l t e r n a t i v e  minimum f low s t a n d a r d s  
i n d i c a t i n g  t h a t  e i t h e r  g r o u p  s t a n d s  t o  g a i n  o r  l o s e  someth ing  depend ing  
upon which p o l i c y  is  s e l e c t e d .  I n  t h e  a b s e n c e  o f  knowledge which e n a b l e s  
t h e  e s t i m a t i o n  o f  MSC and MSB, i t  is n o t  p o s s i b l e  t o  a s s e s s  t h e  s o c i a l  w e l f a r e  
i m p l i c a t i o n s  o f  t h e  c h o i c e . b e t w e e n  P o l i c i e s  I and 11. 
A s  t h e  example i n  F i g u r e  8 . 1  shows, P o l i c y  I l e a d s  t o  a  n e t  l o s s  
i n  s o c i a l  w e l f a r e  e q u i v a l e n t  t o  t h e  a r e a  l a b e l l e d  "a", where a b s t r a c t i v e  
u s e r s  a r e  p e n a l i s e d  by t h e  s t a n d a r d  s i n c e  t h e  i n c r e m e n t a l  b e n e f i t s  exceeds  
t h e  i n c r e m e n t a l  c o s t  (MS8 > MSC). The r e v e r s e  e f f e c t  is  shown by a r e a  "b" 
w i t h  P o l i c y  11, b e c a u s e  a t  t h a t  l e v e l  o f  a b s t r a c t i o n  c o s t s  exceed  t h e  b e n e f i t s  
g a i n e d  by s o c i e t y  as  a  whole.  Having t h i s  i n f o r m a t i o n  a t  t h e i r  d i s p o s a l  
w i l l  e n a b l e  r e g i o n a l  w a t e r  a u t h o r i t i e s  t o  compare compet ing  u s e s  i n  common 
terms, t h u s  i t  may b e  p o s s i b l e  t o  i d e n t i f y  more e f f i c i e n t  and e q u i t a b l e  
s o l u t i o n s ,  a s  s u g g e s t e d  by P o l i c y  111, t o  r i v e r  w a t e r  a l l o c a t i o n  problems.  
8.2.4 Accountinq S t a n c e  Many o f  t h e  d i f f e r e n c e s  i n  d e c i s i o n  making 
s e t t i n g s  f a c e d  a t  d i f f e r e n t  governmental  l e v e l s  concern  t h e  s o - c a l l e d  
' a c c o u n t i n g  s t a n c e '  assumed by d e c i s i o n  makers ;  i .e . ,  whose b e n e f i t s  and 
c o s t s  a r e  t o  be  coun ted  when making w a t e r  development d e c i s i o n s ?  Some 
b e n e f i t s  may a c c r u e  t o  p e r s o n s  i n  t h e  d e c i s i o n  m a k e r ' s  own town o r  coun ty .  
O t h e r s  may be  s p r e a d  t h r o u g h o u t  t h e  r e g i o n  and t h e  n a t i o n .  C o s t s  may be 
a b s o r b e d  p a r t l y  by t h e  d i r e c t  p r o j e c t  b e n e f i c i a r i e s ,  by t h e  l o c a l ,  r e g i o n a l  
and n a t i o n a l  t a x  p a y e r s ,  o r  by t h e  p a r t i e s  who a r e  i n j u r e d  by t h e  p r o j e c t  
w i t h o u t  compensation.  I r r i g a t i o n  p r o j e c t s ,  which t y p i c a l l y  r e c e i v e  a  l a r g e  
p u b l i c  s u b s i d y  and have g e n e r a l l y  l o c a l i s e d  b e n e f i t s ,  a r e  l i k e l y  t o  be 
a t t r a c t i v e  t o  a  l o c a l  o r  r e g i o n a l  c o n s t i t u e n c y  whether  o r  n o t  t h e y  make 
s e n s e  from a  n a t i o n a l  v i e w p o i n t .  
I f  t h e  p r o j e c t ' s  d i s t r i b u t i o n a l  i m p l i c a t i o n s  a r e  t o o  i n c o n s i s t e n t  
w i t h  t h e  b r o a d e r  n a t i o n a l  i n t e r e s t s ,  t h e n  some changes  may b e  n e c e s s a r y  
s o  t h a t  t h e  c r e a t i o n  o f  e x t e r n a l  b e n e f i t s  and c o s t s  a r e  rewarded o r  p e n a l i s e d  
w i t h i n  t h e  reward s t r u c t u r e  o f  t h e  l o c a l  and/or  r e g i o n a l  p l a n n i n g  frame- 
work. Impact a s s e s s m e n t  p r o c e d u r e s  r e q u i r e  a n  a p p r o p r i a t e l y  b road  view 
c o n c e r n i n g  t h e  i n c l u s i o n  o f  b e n e f i t s  and c o s t s  o v e r  s p a c e  and time. I n  
a d d i t i o n  t o  d i s t i n g u i s h i n g  between l o c a l ,  r e g i o n a l  and n a t i o n a l  e f f e c t s  
o f  w a t e r  developments  a s  t h e y  a f f e c t  e x i s t i n g  p o p u l a t i o n ,  p o t e n t i a l  new 
p o p u l a t i o n s  s h o u l d  a l s o  be  c o n s i d e r e d  t o  t h e  e x t e n t  t h a t  c o n c e r n s  w i t h  
f u t u r e  c o n d i t i o n s  and c o n d i t i o n s  o u t s i d e  t h e  immediate a r e a  a r e  made known 
t o  t h e  w a t e r  p l a n n e r .  
8.2.5 The With - Without  C r i t e r i o n  The o b j e c t i v e  o f  a n a l y s i n g  
a p r o s p e c t i v e  p r o j e c t  s h o u l d  be  t o  a s s e s s  t h e  n e t  o v e r a l l  i m p a c t  o r  change 
e x p e c t e d  t o  r e s u l t  i f  i t  p r o c e e d s .  Obviously  such  a n  a n a l y s i s  c o v e r s  more 
t h a n  j u s t  t h e  d i r e c t l y  measurab le  economic i m p a c t s ,  and depends  upon assump- 
t i o n s  made r e g a r d i n g  p r e s e n t  and f u t u r e  c o n d i t i o n s .  When c o n f u s i o n  o c c u r s  
i n  i d e n t i f y i n g  what is  t o  b e  i n c l u d e d  a s  c o s t  o r  b e n e f i t ,  t h e  w i t h  - w i t h o u t  
g u i d e l i n e  i s  a  u s e f u l  p o i n t  o f  r e f e r e n c e .  Th i s  g u i d e l i n e  is  d i f f e r e n t  
from a b e f o r e  and a f t e r  p r o j e c t  a n a l y s i s ,  s i n c e  p r i o r  t o  t h e  p r o j e c t  c e r t a i n  
t r e n d s  i n  y i e l d s ,  p r i c e s ,  p o p u l a t i o n  growth,  e t c . ,  w i l l  e x i s t .  I r r i g a t i o n  
is  o n l y  one o f  numerous f a c t o r s  which i n c r e a s e  a g r i c u l t u r a l  p r o d u c t i v i t y  
o r  s h i f t s  r u r a l  p o p u l a t i o n s ,  hence t h e  a n a l y s t  h a s  a g u i d e l i n e  f o r  s e p a r a t i n g  
o u t  o n l y  t h o s e  e f f e c t s  a t t r i b u t a b l e  t o  t h e  p r o j e c t .  Of ten  i n  t h e  p r o c e s s  
o f  d o i n g  t h i s  o t h e r  a l t e r n a t i v e s  ( d i f f e r e n t  p r o j e c t s )  a r e  i d e n t i f i e d  which 
might  b e t t e r  s a t i s f y  some of  t h e  i n t e n d e d  p r o j e c t  o b j e c t i v e s .  
8.2.6 Assessment P r o c e d u r e s  The n a t u r e  and s c o p e  o f  an  impac t  
a s sessment  is l a r g e l y  d e t e r m i n e d  by t h e  c o m p l e x i t y  o f  t h e  problem under  
examina t ion  and t h e  need f o r  accuracy .  I n  g e n e r a l ,  however,  t h e r e  a r e  
a  number o f  p r o c e d u r a l  p h a s e s  o r  s t e p s  t o  t h e  a s s e s s m e n t  e x e r c i s e .  The 
sequence  o f  s t e p s  migh t  be  a s  f o l l o w s :  
1. Develop a  p r o f i l e  o f  e x i s t i n g  c o n d i t i o n s  i n  t h e  p l a n n i n g  a r e a  -- 
assembly and documenta t ion  o f  p e r t i n e n t  s t a t i s t i c a l  and o t h e r  d a t a ,  
i n c l u d i n g  t h e  d e f i n i t i o n  o f  t h e  r e l e v a n t  p l a n n i n g  a r e a  f o r  t h e  a s s e s s -  
ment o f  p r o j e c t  i m p a c t s ;  
2 .  Make p r o j e c t i o n s  o f  "wi thou t  p r o j e c t "  c o n d i t i o n s  -- a s  t h e  p r o j e c t i o n s  
shou ld  c o v e r  t h e  e x p e c t e d  l i f e  o f  t h e  p r o j e c t ,  and because  t h e  f u t u r e  
i s  u n c e r t a i n ,  a  r e a s o n a b l e  range  i n  p r o b a b l e  e f f e c t s  s h o u l d  be  deve loped ;  
3. E s t i m a t e  "wi th  p r o j e c t "  i m p a c t s  and i d e n t i f y  t h e  c o n d i t i o n s  ( a s s u m p t i o n s )  
under  which t h e y  are made -- c a u s a t i v e  and i n t e r a c t i v e  f a c t o r s  and 
r e l a t i o n s h i p s ,  and t h e i r  i n t e r - r e l a t e d n e s s  w i t h  economic,  s o c i a l  
and env i ronmenta l  o b j e c t i v e s  shou ld  b e  i d e n t i f i e d ;  
4 .  I d e n t i f y  a l l  s i g n i f i c a n t  impac t s  and q u a n t i f y  t o  t h e  e x t e n t  p o s s i b l e  
-- s i g n i f i c a n t  meaning t h o s e  p o t e n t i a l  i m p a c t s  o f  consequence t o  
t h e  decis ion-making p r o c e s s ,  bo th  b e n e f i c i a l  and a d v e r s e ;  
5. E v a l u a t e  t h e  i m p a c t s  and c o n d i t i o n a l  a s s u m p t i o n s  -- i n  monetary terms 
a s  a p p r o p r i a t e ,  q u a n t i t a t i v e l y  where p o s s i b l e ,  and q u a l i t a t i v e l y  
i n  any c a s e ;  
6 .  Consider  and examine p r o j e c t  m o d i f i c a t i o n s  where a d v e r s e  i m p a c t s  
a r e  s i g n i f i c a n t  -- measures  t o  e l i m i n a t e  o r  m i t i g a t e  t h e  impac t  by 
r e d u c i n g  its e f f e c t  t o  an  a c c e p t a b l e  l e v e l ,  o r  by compensat ing f o r  
it w i t h  a  b a l a n c i n g  p o s i t i v e  e f f e c t ;  
7 .  Seek assessment  f eedback  from o t h e r  s o u r c e s  -- independen t  o f  t h e  
p l a n n i n g  a g e n c y ( s )  d i r e c t l y  concerned.  
A s  t h e s e  s t e p s  s u g g e s t  t h e  p r o c e s s  o f  impac t  a s s e s s m e n t  i s  comprehensive  
and must be i n t e g r a t e d  w i t h  p r o j e c t  planning!2 The r a n g e  o f  economic i m p a c t s  
c o n s i d e r e d  is much b r o a d e r  t h a n  a  p r o j e c t  c o s t - b e n e f i t  a n a l y s i s ,  and is 
4 2  See Appendix 2 f o r  a  review and c r i t i q u e  o f  ' e n v i r o n m e n t a l '  impac t  
a s sessment  p r o c e d u r e s  i n  i r r i g a t i o n  scheme p l a n n i n g .  
f o c u s s e d  on t h e  manner i n  which t h e s e  i m p a c t s  w i l l  i n f l u e n c e  q u a l i t y  o f  
l i f e  i n  t h e  p l a n n i n g  r e g i o n .  The p r o c e s s  r e q u i r e s  many d i f f e r e n t  t y p e s  
o f  s k i l l s  and e x p e r t i s e ,  supplemented w i t h  feedback  from a  v a r i e t y  o f  s o u r c e s  
i n c l u d i n g  d i r e c t  p a r t i c i p a t i o n  by i n t e r e s t  g r o u p s  and t h e  p u b l i c .  I n  a d d i t i o n  
t o  n a t i o n a l  economic development  ( t h e  c o n v e n t i o n a l  o b j e c t i v e  i n  c o s t -  
b e n e f i t  a n a l y s i s ) ,  r e g i o n a l  economic development is o f  p r ime  impor tance  
i n  impact  a s sessment .  I n c l u d e d  w i t h i n  t h e  l a t t e r  ( o r  somet imes  d e a l t  w i t h  
s e p a r a t e l y )  a r e  a n a l y s e s  o f  p o p u l a t i o n  growth and m i g r a t i o n  p a t t e r n s ,  p u b l i c  
s e r v i c e s  and f a c i l i t i e s ,  l o c a l  a u t h o r i t y  f i n a n c e ,  l a n d  u s e  and p r o d u c t i v i t y ,  
and i n t e r a c t i o n s  among economic,  s o c i a l  and e n v i r o n m e n t a l  i m p a c t s .  
8 . 3  A p p l i c a t i o n  t o  Raka ia  R i v e r  P l a n n i n q  
8 .3 .1  Summary o f  E s t i m a t e d  Development Impacts  The p r e l i m i n a r y  
e s t i m a t e s  o f  Rakaia R i v e r  development  i m p a c t s ,  r e p o r t e d  on i n d i v i d u a l l y  
i n  Chap te r  2 th rough  7 ,  are summarised i n  T a b l e  8 .1 .  While i n d i c a t i v e  
magni tudes  o f  r e g i o n a l  i m p a c t s  must a lways  be  r e g a r d e d  w i t h  s c e p t i c i s m ,  
t h e y  a r e  a  u s e f u l  f i r s t  a p p o r t i o n a t i o n  o f  t h e  r e l a t i v e  i m p o r t a n c e  o f  a l t e r -  
n a t i v e  development p r o p o s a l s  and t h e  t r a d e - o f f s  t h a t  e x i s t  between c e r t a i n  
p r e s e n t  and f u t u r e  u s e s .  These  d a t a  s u g g e s t  t h a t  p r e s e n t  and proposed 
f u t u r e  u s e s  a r e  bo th  s i g n i f i c a n t  t o  t h e  r e g i o n a l  economy, w i t h  r e c r e a t i o n a l  
u s e s  domina t ing  t h e  fo rmer  and a b s t r a c t i v e  u s e s  t h e  l a t t e r .  The i r r i g a t i o n  
p r o p o s a l s  would more t h a n  t r i p l e  (by t h e  l a t e  1 9 9 0 ' s )  t h e  a n n u a l  d i r e c t  
g r o s s  revenue o b t a i n e d  from t h e  r i v e r ' s  p r e s e n t  u s e s .  The g r e a t e s t  f u t u r e  
u s e  i n  t h e  long  term would a p p e a r  t o  be  t h e  development o f  t h e  r i v e r ' s  
c o n s i d e r a b l e  p o t e n t i a l  f o r  h y d r o - e l e c t r i c  power g e n e r a t i o n .  However, t h i s  
i s  o n l y  a  p r e l i m i n a r y  a s s e s s m e n t  o f  p o s s i b l e  p r e s e n t  and f u t u r e  s t a t e s ;  
i t  is n o t  a  "wi th  - w i t h o u t "  p r o j e c t  a s s e s s m e n t .  What is needed f o r  p o l i c y  
d e c i s i o n s  is i n f o r m a t i o n  a b o u t  t h e  i n t e r r e l a t i o n s h i p s  between i n d i v i d u a l  
p r o j e c t s  and u s e s ,  i . e . ,  knowledge o f  t h e i r  complementary and c o m p e t i t i v e  
n a t u r e .  
8.3.2 Complementary and Compet i t ive  R e l a t i o n s h i p s  The d i s c u s s i o n s  
i n  p r e v i o u s  c h a p t e r s  o f  t h i s  r e p o r t  h i g h l i g h t e d  some i m p o r t a n t  p o t e n t i a l  
c o n f l i c t s  (and c o m p l e m e n t a r i t i e s )  t h a t  e x i s t  between (and  among) t h e  Rakaia 
u s e  a l t e r n a t i v e s .  An i m p o r t a n t  t a s k  f o r  r i v e r  p l a n n i n g  a u t h o r i t i e s  i s  
t o  i d e n t i f y  c l e a r l y  and weigh up t h e s e  t r a d e - o f f s  and complementary b e n e f i t s .  
TABLE 8 . 1  
Summary of  I n d i c a t i v e  Magnitudes of Rakaia R i v e r  Water Development 
and Kec rea t ion  I m ~ a c t s ,  P r e s e n t  and Proposed 
-- 
Measures o f  Reg iona l  Economic Impact l 
Cur ren t  and F u t u r e  
River  Water Use Gross Revenue Income Employment ( $my-l) ( $my-l) (Permanent  
J o b s )  
CURRENT RIVER USES: 
~ e c r e a t i o n '  : 
D i r e c t  Impact3 
T o t a l  Impacts  
P r e s e r v a t i o n  4 
5 Lake Co le r idge  Power : 
D i r e c t  Impact 
T o t a l  Impact 
Small  I r r i g a t i o n  Schemes and 
L ives tock  wa te r6  : 
D i r e c t  Impact 1 
T o t a l  Impacts  2 
Cur ren t  Use T o t a l s :  
D i r e c t  Impacts  
I n d i r e c t  Impacts  
PROPOSED FUTURE USES: 
The CPIS and LRIS': 
D i r e c t  Impact 
T o t a l  Impacts  
Commercial Salmon  anc chin^': 
D i r e c t  Impact 3.8 
T o t a l  Impacts  8 .4  
E l e c t r i c  Power ~ e n e r a t i o n ~ :  
D i r e c t  Impact 9 3 
T o t a l  Impacts  211 
E s t i m a t e s  of  r e g i o n a l  g r o s s  revenue  ( o u t p u t ) ,  household  income and 
employment e f f e c t s  were c a l c u l a t e d  wi th  t h e  u s e  o f  s e c t o r a l  m u l t i p l i e r s  
f o r  t h e  Can te rbu ry  r e g i o n  (Appendix Table  A3.1) 
Refer  t o  Chap te r  6 .3 .1 .  
"To ta l "  impac t s  i n c l u d e  d i r e c t ,  i n d i r e c t  and induced  impacts  a s  d e f i n e d  
i n  Chapter  4 .2 .1  
" P r e s e r v a t i o n  v a l u e "  is  shown s e p a r a t e l y  from r e c r e a t i o n  ( u s e r )  v a l u e ,  
and does  n o t  e n t e r  i n t o  t h e  e s t i m a t e  o f  c u r r e n t  r e g i o n a l  impac t s  
s i n c e  i t  is n o t  a  d i r e c t  e x p e n d i t u r e .  
Refer  t o  Chapter  7 .4 .1  and row 1 4 ,  Appendix T a b l e  A3.1 
Study Team e s t i m a t e .  
Refer  t o  Chapter  4 .5 .  
Refer  t o  Chapter  6.4.1. The secondary  i m p a c t s  were e s t i m a t e d  from 
l i n e  2 ,  Appendix Tab le  A3.1 
Refer  t o  Chap te r  7 .4 .1 .  The f i g u r e s  shown a r e  t h o s e  f o r  t h e  maximum 
power g e n e r a t i o n  o p t i o n .  
An i n i t i a l  a t t e m p t  a t  i d e n t i f y i n g  some of  t h e s e  i n t e r a c t i o n s  and how t h e y  
migh t  b e  a n a l y s e d  is o u t l i n e d  below. 
Some Impor tan t  I n t e r a c t i o n s .  The p r e s e r v a t i o n  o f  t h e  Raka ia  i n  its 
p r e s e n t  s t a t e  f o r  t h e  enjoyment  o f  f u t u r e  g e n e r a t i o n s  is o b v i o u s l y  a t  odds  
( d e n o t e d  by 'l-'l) w i t h  a l m o s t  any form o f  commercial  development .  The LRIS, 
c o n s i d e r e d  i n  i s o l a t i o n  o f  t h e  o t h e r  p r o p o s a l s ,  is n o t  e x p e c t e d  t o  i n t e r f e r e  
s i g n i f i c a n t l y  ( i n d i c a t e d  by "?l1) w i t h  i n s t r e a m  u s e s  s i n c e  t h e  proposed 
a b s t r a c t i o n ,  20 cumecs, s h o u l d  n o t  m a t e r i a l l y  a l t e r  t h e  n a t u r a l  low flow 
reg ime .  On t h e  o t h e r  hand t h e  CPIS, a t  70 cumecs, c o u l d  markedly  a f f e c t  
t h e  f low regime,  and t h e r e f o r e ,  by i t s e l f  o r  i n  c o m b i n a t i o n  w i t h  t h e  LRIS, 
c r e a t e s  a  p o t e n t i a l l y  i m p o r t a n t  t r a d e - o f f  s i t u a t i o n  w i t h  r e s p e c t  t o  i n s t r e a m  
u s e s ,  i n c l u d i n g  commercial  salmon r a n c h i n g .  HEP development  is complementary 
( d e n o t e d  by " t " )  t o  t h e  CPIS s i n c e  t h e  headworks and main c a n a l  sys tem 
c o u l d  s e r v e  a  d u a l  purpose .  I f  a  c o n s t r a i n t  is imposed on t h e  l e v e l  o f  
w a t e r  a b s t r a c t i o n  v i a  t h e  North  Can te rbury  Catchment B o a r d ' s  Water Manage- 
ment P l a n  (WMP), t h e n  i t  is p o s s i b l e  t h a t  t h e  LRIS and CPIS w i l l  have t o  
compete  f o r  a v a i l a b l e  a b s t r a c t a b l e  f l o w s ,  e s p e c i a l l y  i n  t h e  l a t t e r  p a r t  
o f  t h e  i r r i g a t i o n  season .  F i n a l l y ,  r e c r e a t i o n a l  a n g l i n g  s t a n d s  t o  g a i n  
from a  s u c c e s s f u l  commercia l ly- induced salmon r u n ,  b u t  a t  t h e  same t i m e  
t h e  economic v i a b i l i t y  o f  salmon r a n c h i n g  is a l s o  dependen t  upon t h e  e x t e n t  
o f  t h e  r e c r e a t i o n a l  h a r v e s t .  
An A n a l y t i c a l  Approach t o  Assessment.  A more d e t a i l e d  a n a l y s i s  o f  
w a t e r  u s e  t r a d e - o f f  and complementary r e l a t i o n s h i p s  is c l e a r l y  w a r r a n t e d .  
F o l l o w i n g  on from t h e  i n t e r a c t i o n s  shown i n  Tab le  8 . 2 ,  t h e  n e x t  s t e p  i s  
t o  c o n s i d e r  some a l t e r n a t i v e  a p p r o a c h e s  t h a t  c o u l d  a v o i d  o r  r e d u c e  t h e  
e x p e c t e d  n e g a t i v e  i m p a c t s  w h i l e  a t  t h e  same time p r e s e r v e  t h e  p o s i t i v e  
o r  i n t e n d e d  b e n e f i c i a l  e f f e c t s .  T h i s  i d e a  is  c o n c e p t u a l l y  i l l u s t r a t e d  
by t h e  i d e a l i s e d  p o l i c y  a n a l y s i s / a n a l y t i c a l  framework shown i n  F i g u r e  8 .2 .  
A n a l y t i c a l  p o l i c y  a n a l y s i s  is based  on an e m p i r i c a l l y  and t h e o r e t i c a l l y  
sound sys tem o f  i n t e r - r e l a t i o n s h i p s ,  models of c a u s e  and e f f e c t .  For  
Raka ia  w a t e r  management p l a n n i n g ,  t h i s  means c o n s t r u c t i n g  a set  o f  i n t e r -  
r e l a t e d  p h y s i c a l  models o f  t h e  groundwater  and s u r f a c e  w a t e r  s y s t e m s ,  t h e  
h y d r o - b i o l o g i c a l  sys tem,  and t h e  a p p r o p r i a t e  l i n k a g e s  between t h e s e  and 
t h e  economic and s o c i a l  s y s t e m  framework r e q u i r e d  f o r  a n a l y s i s  o f  p o l i c y  
o r  development a l t e r n a t i v e s .  With such  a  p l a n n i n g  model,  a l t e r n a t i v e  
TABLE 8 .2  
Com~lementa rv  and C o m ~ e t i t i v e  I n t e r a c t i o n s  Between 
P r e s e n t  and Proposed Rakaia  River  Water Uses 
Proposed F u t u r e  Uses 
River  Use Salmon 
Ranching LRIS CP I S HE P 
C u r r e n t  River  Uses: 
P r e s e r v a t i o n  
Angling 
Power Boa t ing  
S t r e a m s i d e  R e c r e a t i o n  
HEP ( C o l e r i d g e )  
I r r i g / S t o c k  w a t e r  




1 I n t e r a c t i o n s  i n d i c a t e  t h e  p r o b a b l e  p o s i t i v e  and n e g a t i v e  i m p a c t s  
t h a t  t h e  proposed f u t u r e  u s e s  w i l l  have on c u r r e n t  and f u t u r e  u s e s .  
Complementary (+) i n d i c a t e s  mutual  b e n e f i t s ,  c o m p e t i t i v e  ( - )  i n d i c a t e s  
a  n e g a t i v e  impac t ,  ( ? )  i n d i c a t e s  a  p o s s i b l e  n e g a t i v e  i m p a c t ,  and 
( 0 )  no a p p a r e n t  impac t .  
management p o l i c i e s  o r  development  s c e n a r i o s  ( P )  can  b e  a p p r a i s e d  i n  l i g h t  
o f  t h e  i n t e n d e d  ( T )  and u n i n t e n d e d  ( S )  consequences  t h a t  might  r e s u l t  from 
t h e  a d o p t i o n  o f  a  p a r t i c u l a r  p o l i c y  c h o i c e ,  s u b j e c t  t o  a  common e v a l u a t i v e  
s t a n d a r d  o r  p r e f e r e n c e  o r d e r i n g  o f  s o c i a l  g o a l s  ( Z ) .  The r i s k  a s s o c i a t e d  
w i t h  u n c o n t r o l l a b l e  f a c t o r s  s u c h  a s  c l i m a t e  and world  m a r k e t s  ( N )  must 
a l s o  b e  c o n s i d e r e d  i f  t h e  model is t o  y i e l d  r e l i a b l e  r e s u l t s .  The o v e r a l l  
o b j e c t i v e  o f  t h e  a n a l y t i c a l  approach  t o  p o l i c y  f o r m u l a t i o n  and a n a l y s i s  
i s  t o  p r o v i d e  d e c i s i o n  makers w i t h  recommended c o u r s e s  o f  a c t i o n  e x p e c t e d  
t o  l e a d  t o  an  improvement i n  s o c i a l  w e l f a r e  ( W ) .  
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Although t h e  u s e  o f  s u c h  a framework is  beyond t h e  n e a r  term p l a n n i n g  
h o r i z o n  of  r e g i o n a l  and n a t i o n a l  w a t e r  a g e n c i e s ,  r e s e a r c h  work c u r r e n t l y  
underway w i l l  c o n t r i b u t e  t o  t h e  development of many o f  t h e  n e c e s s a r y  s t r u c -  
t u r a l  r e l a t i o n s h i p s  w i t h i n  t h e  n e x t  s e v e r a l  y e a r s .  A p a r t i a l  l i s t i n g  
o f  some r e l e v a n t  on-going r e s e a r c h  is  r e p o r t e d  i n  Appendix 5 .  Some u s e f u l  
o v e r s e a s  s t u d i e s  which r e p o r t  r e s u l t s  o f  p r a c t i c a l  a p p l i c a t i o n s  o f  t h e  
approach  t o  r i v e r  w a t e r  management i n c l u d e  Doubert  and Young ( 1 9 8 1 ) ,  B u r t  
(19741, Noel e t . a l .  ( 1 9 8 0 ) ,  P a r k e r  and Penning-Rowsell ( 1 9 8 1 ) ,  Buras  ( 1 9 6 3 ) ,  
R u s s e l l  (1975) and Schramm (1980) .  
For t h e  p r e s e n t ,  however,  p l a n n e r s  and d e c i s i o n e m a k e r s  have t o  c o n s i d e r  
p o l i c y  c h o i c e s  i n  t h e  a b s e n c e  o f  f u l l  knowledge a b o u t  t h e  consequences .  
The i n t e r a c t i o n s  between p r e s e n t  and f u t u r e  u s e  o p t i o n s  summarised i n  
T a b l e  8.2 p r o v i d e  a u s e f u l  b a s i s  f o r  c o n s i d e r i n g  some a l t e r n a t i v e  management 
a p p r o a c h e s ,  even though t h e  i n c r e m e n t a l  g a i n s  and l o s s e s  c a n n o t  be  q u a n t i f i e d .  
By a d o p t i n g  t h e  s a f e t y - f i r s t  p r i n c i p l e ,  i t  i s  p o s s i b l e  t o  i d e n t i f y  s e v e r a l  
approaches  o r  management s c e n a r i o s  t h a t  r e d u c e  t h e  r i s k  o f  an  i r r e v e r s i b l e  
n e g a t i v e  impact  w i t h o u t  a p p r e c i a b l y  a l t e r i n g  e x p e c t e d  p r o j e c t  b e n e f i t s .  
For  example,  i f  P o l i c i e s  A and B y i e l d  a b o u t  t h e  same l e v e l  o f  e x p e c t e d  
t a r g e t  b e n e f i t ,  and t h e  r i s k  o f  harmful  s i d e - e f f e c t s  is h i g h e r  f o r  A t h a n  
B, t h e n  P o l i c y  B is  t h e  p r e f e r r e d  c h o i c e .  P o l i c y  A would o n l y  be  chosen 
i f  t h e  reduced r i s k  of a n e g a t i v e  impac t  is u n a c c e p t a b l y  l a r g e  i n  terms 
o f  t h e  expec ted  b e n e f i t  f o r e g o n e .  
8 .3 .3  Toward An I n t e q r a t e d  Assessment o f  Water P l a n n i n g  A l t e r n a t i v e s  
Using t h e  p o t e n t i a l l y  c o m p e t i t i v e  r e l a t i o n s h i p  t h o u g h t  t o  e x i s t  between 
i n s t r e a m  and a b s t r a c t i v e  u s e s  a s  a f o c a l  p o i n t ,  a  number o f  d i f f e r e n t  
p o l i c y  s c e n a r i o s  were i d e n t i f i e d  a s  worthy o f  c l o s e r  e x a m i n a t i o n .  Consis-  
t e n t  w i t h  t h e  i d e a l i s e d  a n a l y t i c a l  p o l i c y  a n a l y s i s  framework ( F i g u r e  8 . 2 ) ,  
t h e  o b j e c t i v e  i s  t o  s e a r c h  f o r  a n  optimum mix i n  r i v e r  w a t e r  u s e .  
Some Development S c e n a r i o s .  The f o l l o w i n g  t e n  s c e n a r i o s  were used 
t o  i l l u s t r a t e  how t h e  t r a d e - o f f s  and c o r n p l e m e n t a r i t i e s  might  be  fo rmula ted  
f o r  a more s y s t e m a t i c  a n a l y s i s :  
1. No development -- a p r e s e r v a t i o n  o p t i o n  c o n s i s t e n t  w i t h  t h e  "Wild 
and Scen ic"  Amendment t o  t h e  Water and S o i l  C o n s e r v a t i o n  Act ( r e f e r  
t o  Chapter  3.3 and Appendix 2 ) .  While p r e s e r v i n g  t h e  r i v e r  i n  its 
p r e s e n t  s t a t e ,  s o c i e t y  would b e a r  t h e  o p p o r t u n i t y  c o s t s  o f  non-develop- 
ment ; 
2.  Proceed w i t h  t h e  i r r i q a t i o n  scheme a s  proposed under  t h e  Catchment 
B o a r d ' s  p r e s e n t  Water Management P l a n  (WMP) -- no f u r t h e r  c o n s i d e r a t i o n  
g i v e n  t o  d e s i g n  a l t e r n a t i v e s  o r  i n t e r - r e l a t i o n s h i p s  between t h e  
two schemes,  o r  t o  o t h e r  f u t u r e  u s e s  o f  t h e  r i v e r ;  
3. Adopt a  programme o f  o p t i m a l  i r r i g a t i o n  s c h e d u l i n q ,  on- and o f f - f a r m ,  
under  2 above.  Improved w a t e r  management can be e x p e c t e d  t o  i n c r e a s e  
scheme o p e r a t i n g  c o s t s  b u t  r e d u c e  w a t e r  l o s s e s  and i n c r e a s e  i r r i g a t i o n  
e f f i c i e n c y ,  hence a c h i e v e  h i g h e r  g r o s s  r e v e n u e s  p e r  h e c t a r e  w h i l e  
r e q u i r i n g  l e s s  w a t e r  d i v e r t e d  from t h e  r i v e r .  Depending on what 
amounts o f  w a t e r  p rove  o p t i m a l  t o  a p p l y  o v e r  t h e  i r r i g a t i o n  s e a s o n ,  
t h e  scheme a r e a s ,  a s  p roposed ,  would e i t h e r  i n c r e a s e  o r  d e c r e a s e  
i n  s i z e ;  
4. R a i s e  t h e  minimum f low s t a n d a r d  under  3 above -- a  d i r e c t  measure  
t o  r e t a i n  more w a t e r  i n  t h e  r i v e r  d u r i n g  p e r i o d s  o f  n a t u r a l  low 
f low and h igh  i r r i g a t i o n  demands; 
5. Develop t h e  LRIS a s  a  groundwater-dominant  p r o j e c t  under  4 above -- 
t h i s  would r e d u c e  t h e  r i v e r - s u p p l i e d  p o r t i o n  o f  t h e  LRIS i n  f a v o u r  
o f  t h e  CPIS, p o s s i b l y  a c h i e v i n g  a g r e a t e r  t o t a l  i r r i g a t e d  a r e a  w i t h  
t h e  same o r  a  l e s s e r  amount o f  w a t e r  a b s t r a c t e d  from t h e  Raka ia ;  
6 .  I n s t a l l f i s h  s c r e e n s  on i n t a k e  s t r u c t u r e s  t o  l i m i t  l o s s e s  o f  m i g r a t i n g  
s m o l t s  w i t h i n  t h e  i r r i g a t i o n  d i s t r i b u t i o n  sys tem -- a  p o l i c y  o f  
m i t i g a t i o n  under 5 above;  
7.  P r o v i d e  compensat ion,  a s  a p p r o p r i a t e ,  t o  r e s t o r e  f i s h  s t o c k s  t o  
p r e - p r o j e c t  l e v e l s  under  6 above -- t h i s  would most l i k e l y  t a k e  
t h e  f o r m o f a f a c i l i t y  t o  a r t i f i c i a l l y  p r o p o g a t e  and r e a r  s a l m o n i d s  
t o  b a l a n c e  t h e  d e c l i n e  i n  w i l d  s t o c k s ,  i f  t h a t  s h o u l d  o c c u r ;  
8. Develop a  m u l t i p l e - u s e  scheme w i t h  o b j e c t i v e s  o f  f i s h e r y  enhancement 
and i r r i q a t i o n  -- t h i s  approach  would e n t a i l  a d d i t i o n a l  s t r u c t u r e s ,  
major d e s i g n  m o d i f i c a t i o n s  and more s o p h i s t i c a t e d  w a t e r  management 
t h a n  e n v i s i o n e d  under  7 above.  The i n c r e a s e d  f i s h  s t o c k s ,  i . e .  
above p r e - p r o j e c t  l e v e l s ,  would be  a v a i l a b l e  f o r  commercia l  development 
o r  r e c r e a t i o n a l  u s e ,  o r  b o t h .  Cost -  and r e v e n u e - s h a r i n g  c o n s i d e r a t i o n s  
i n  a  j o i n t  commercial  development  c o u l d  p rove  m u t u a l l y  b e n e f i c i a l  
t o  b o t h  a b s t r a c t i v e  and i n s t r e a m  u s e r s ;  
9. Develop an expanded m u l t i p l e - u s e  p r o j e c t  i n c l u d i n g  r u n - o f - t h e - r i v e r  
h y d r o - e l e c t r i c  power w i t h  8 above -- t o  c a p i t a l i s e  on t h e  p o t e n t i a l  
c o s t - s h a r i n g  b e n e f i t s  o f  d e v e l o p i n g  a  common r i v e r  d i v e r s i o n  s t r u c t u r e .  
I n  a d d i t i o n  t o  c o s t - s h a r i n g  a d v a n t a g e s  t o  bo th  w a t e r  development 
schemes (CPIS and HEP), f u r t h e r  p o s s i b i l i t i e s  a r e  c r e a t e d  f o r  sa lmonoid  
enhancement;  and 
Develop a  comprehensive  w a t e r  development scheme i n c o r p o r a t i n g  
r e s e r v o i r  s t o r a q e  -- b a s i c a l l y  a  " fu l l -b lown"  m u l t i - p u r p o s e  r e g i o n a l  
development p r o j e c t  c e n t r e d  on t h e  Rakaia River  Catchment.  Lake 
C o l e r i d g e  s t o r a g e  a f f o r d s  t h e  o p p o r t u n i t y  t o  b e t t e r  u t i l i s e  f l o o d  
w a t e r s  and manage r e s i d u a l  r i v e r  f lows .  High q u a l i t y  l a k e  w a t e r  
d i v e r t e d  th rough  t h e  i r r i g a t i o n  c a n a l  sys tem,  o r  i n  s e p a r a t e  c h a n n e l s ,  
would open up new p o s s i b i l i t i e s  f o r  c r e a t i n g  sa lmonoid  spawning 
and r e a r i n g  h a b i t a t s .  Power revenues  r e s u l t i n g  from t h e  scheme 
c o u l d  be  used t o  p a r t i a l l y  d e f r a y  i r r i g a t i o n  o p e r a t i n g  and maintenance 
c o s t s ,  a s  would a s u c c e s s f u l  commercial  salmon r a n c h i n g  v e n t u r e  
developed a s  p a r t  o f  t h e  o v e r a l l  scheme. However, e n v i r o n m e n t a l  
i m p a c t s  a r e  l i k e l y  t o  b e  a g g r a v a t e d  due t o  t h e  f l u c t u a t i o n  n e c e s s a r y  
i n  Lake C o l e r i d g e ,  and b e c a u s e  a  g r e a t e r  a r e a  o f  l a n d  w i l l  be p o t e n t i a l l y  
i r r i g a b l e  w i t h  t h e  a d d i t i o n a l  w a t e r  made a v a i l a b l e ,  e x a c e r b a t i n g  
t h e  problem of  r i s i n g  water t a b l e s  and a t t e n d a n t  d r a i n a g e  and n i t r a t e  
p o l l u t i o n  h a z a r d s  i n  a r e a s  s i t u a t e d  below t h e  p r o j e c t .  
These b r i e f  s c e n a r i o s  o b v i o u s l y  e x c l u d e  many o t h e r  p o s s i b i l i t i e s  
t h a t  c o u l d  be  c o n s i d e r e d .  The f i r s t ,  t h i r d  and f o u r t h  a r e  examples  o f  
n o n - s t r u c t u r a l  measures  t h a t  c o u l d  r e d u c e  t h e  r i s k s  o f  i n j u r y  t o  i n s t r e a m  
r i v e r  u s e r s .  The remainder  a r e  s t r u c t u r a l  (and p o t e n t i a l l y  more c o s t l y )  
c h a n g e s  o r  m o d i f i c a t i o n s ,  w i t h  t h e  l a s t  t h r e e  ( s c e n a r i o s  8 - 1 0 )  l o o k i n g  
t o  o p p o r t u n i t i e s  o f  enhanc ing  t h e  Rakaia  salmon f i s h e r y  a s  a  j o i n t  p roduc t  
o f  w a t e r  development.  
A P r e l i m i n a r y  E v a l u a t i o n .  The c r i t e r i a  t o  b e  used  i n  examining 
t h e  s c e n a r i o s  and i n  comparing outcomes a r e  i m p o r t a n t  a l s o  and s h o u l d  
b e  c a r e f u l l y  though t  o u t .  I n  f a c t ,  t h e  s e l e c t i o n  o f  a p p r o p r i a t e  impact  
a s s e s s m e n t  c r i t e r i a  o f t e n  s u g g e s t s  f u r t h e r  o p t i o n s  t o  c o n s i d e r  t h a t  might 
o t h e r w i s e  be  over looked  by d e s i g n  e n g i n e e r s ,  r e g i o n a l  p l a n n e r s ,  economis t s ,  
s o c i o l o g i s t s ,  and o t h e r s  i n v o l v e d  w i t h  t h e  a s s e s s m e n t .  Drawing upon e a r l i e r  
d i s c u s s i o n s ,  i n  p a r t i c u l a r  Chap te r  4 ,  5 and 6 ,  f o u r  b road  t y p e s  o f  impac t  
a r e  n e c e s s a r y  f o r  i n c l u s i o n  i n  a  m u l t i - o b j e c t i v e  a n a l y s i s :  
1. The e f f e c t s  on i r r i g a t i o n  w a t e r  u s e r s ,  t o  i n c l u d e  t h e  a r e a s  l i k e l y  
t o  be  s e r v i c e d  by t h e  schemes,  t h e  repayment and a n n u a l  s e r v i c i n g  
o b l i g a t i o n s ,  and t h e  e x p e c t e d  b e n e f i t s  t o  be  g a i n e d  i n  t e r m s  o f  
i n c r e a s e d  p r o d u c t i v i t y  and n e t  income; 
2. The e f f e c t s  on p r e s e n t  and f u t u r e  w a t e r  u s e s  o f  a  commercia l  n a t u r e ,  
i n c l u d i n g  t h e  economic v i a b i l i t y  ( p r o f i t a b i l i t y )  o f  salmon r a n c h i n g  
and h y d r o - e l e c t r i c  power g e n e r a t i o n ;  
3. The e f f e c t s  on r e c r e a t i o n a l  and e n v i r o n m e n t a l  i n t e r e s t s ,  i n c l u d i n g  
salmon and t r o u t  a n g l i n g  ( a  s i g n i f i c a n t  a c t i v i t y  i n  terms o f  l o c a l  
r e t a i l  t r a d e  a t  p r e s e n t ) ,  and t h e  p o t e n t i a l  s o c i a l  c o s t s  of  l o s i n g  
n a t u r a l  h a b i t a t s  t o  s u p p o r t  n a t i v e  an imal  and p l a n t  s p e c i e s ,  and 
aba tement  o f  "unintended"  d r a i n a g e  problems and human h e a l t h  r i s k s  
a s s o c i a t e d  w i t h  l a r g e - s c a l e  i r r i g a t i o n ;  and 
4. The e f f e c t s  on r u r a l  communi t ies  s i t u a t e d  n e a r  o r  w i t h i n  t h e  p r o j e c t  
a r e a s ,  most i m p o r t a n t l y  t h e  employment o p p o r t u n i t i e s  c r e a t e d  by 
t h e  schemes and t h e  p o s s i b l e  d e s t a b l i s i n g  i m p a c t s  o f  a  sudden i n f l u x  
i n  p o p u l a t i o n ,  d u r i n g &  c o n s t r u c t i o n  phase ,  on l o c a l  s e r v i c e s .  
C l e a r l y ,  t h e  above c o n c e r n s  a r e  a n  o v e r - s i m p l i f i c a t i o n  o f  t h e  r a n g e  
o f  i m p a c t s  t h a t  may e v e n t u a l l y  c o n c e r n  Rakaia  w a t e r  p l a n n e r s .  They were 
chosen  a s  p o s s i b l y  b e i n g  o f  immediate  i n t e r e s t  i n  c u r r e n t  p l a n  f o r m u l a t i o n ,  
p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  g r a n t i n g  o f  w a t e r  r i g h t s  and t h e  s e t t i n g  
o f  minimum f low s t a n d a r d s .  Without  knowing more p r e c i s e l y  what t h e  q u a n t i -  
t a t i v e  outcomes a r e  l i k e l y  t o  ( o r  c o u l d )  b e ,  some p r e l i m i n a r y  i n d i c a t i o n s  
o f  how t h e  t e n  d i f f e r e n t  p o l i c y  s c e n a r i o s  might  impac t  on t h e  C a n t e r b u r y  
r e g i o n  a r e  i l l u s t r a t e d  i n  Tab le  8 . 3 .  
A s  a n  e x t e n s i o n  on t h e  a p p a r e n t  t r a d e - o f f s  i d e n t i f i e d  i n  T a b l e  8 . 2 ,  
t h e  p u r p o s e  o f  Table  8.3 was t o  show how r e g i o n a l  economic,  s o c i a l  and 
e n v i r o n m e n t a l  i m p a c t s  might b e  a r r a y e d  t o  a n a l y s e  a  r a n g e  o f  a l t e r n a t i v e  
development  and/or  w a t e r  management p o l i c i e s .  The i l l u s t r a t e d  p o s i t i v e  
and n e g a t i v e  s i g n s  can be i n t e r p r e t e d  a s t h e  d i r e c t i o n  o f  change f o r  each  
o f  t h e  impac t  c r i t e r i a  l i s t e d  a c r o s s  t h e  t o p  o f  t h e  t a b l e  f o r  a n  i n c r e m e n t a l  
change i n  p o l i c y  moving down t h r o u g h  t h e  sequence  o f  s c e n a r i o s .  A t  t h e  
TABLE 8.3 
An Assessment Matrix to Evaluate Resional Economic, Social and Environmental 
Impacts of River Oevelopment and Manaqement Alternatives 
Irrigation Impacts Other Development Impacts Recreation and Environmental Social Impacts 
River-Supplied Scheme Capital & Scheme Profitability Salmon ~anchinq* . HEP profitability3 Salmon Native Drainage, 
Irriqated  real Operating Costs Gross Capital & Capital & Gross Angling Wildlife Nitrate Fiscal Autonomy 
LRIS CPIS 
Job of Local Authorities Revenue IRR Operating Costs Revenue Operating Costs Revenue IRR ~x~enditure~ Habitats5 Hazardss Creation6 ~ ~ ~ ~ t ~ ~ ~ t i ~ ~  phase 
l.. NO DEVELOPMENT (i.e. 
PRESERVATION) 
2..Develop CPIS and LRIS as 
proposed under current 
WMP + 
3.. ( 2 )  with optimal irrigation 
scheduling ? ? + + + + + + 
4.  ( 3 )  with an increased 
minimum flow standard + + 
5. (4) with a LRIS Ground- 
water-dominant plan + ? + + + + 
6.. (5) with mitigation of 
"intake" fishery losses + + + + 
7.. (6) with compensation for 
"downstream" fishery losses + + + + + 
8. (7) with major fishery 
enhancement efforts + + + + + 
9. C B )  with 'Run of River' 
HEP/CPIS development + + + + . ? + 
10. (8) with Lake storage 
HEP/CPIS development + + + + + + + + 
Excludes irrigation areas developed from groundwater sources. 
The indicated effects apply to salmon ranching in qeneral, and are not meant to imply the expected conditions for an individual 
firm. In particular, the impacts associated with development/management alternatives No. 8-10 are based on the possibility 
of a publicly-owned salmon ranching venture as facilitated by this level of water resource development 
Assumes that the HEP development scheme is a 'stand close' project which seeks to maximise power output. This project becomes 
relevant to the irrigation development alternatives under scenarios N0.s 9 and 10.. 
Excludes jet boating, streamside activities and other recreational expenditures apart from salmon and trout angling. 
Obviously difficult to identify or measure -- could be conlpletely wrong about these relationships (refer to Chapter 6.2 and Appendix 3 ) .  
Sustainable new employment opportunities in the long term. 
' The likelihood that "boom-town" conditions prevail in the construction phase: a stimulationof local economic activity without the 
tau revenue base to support the additional demands on social services (health, education, communication, sanitation, amenities, etc.) 
p r e s e n t  time o n l y  i n d i c a t i v e  + ' S  and - ' S  a r e  p o s s i b l e  w i t h  r e s p e c t  t o  
l i k e l y  i n t e r - r e l a t i o n s  between g i v e n  p o l i c y  c h o i c e s  and p r o b a b l e  outcomes.  
O v e r a l l ,  t h i s  a n a l y s i s  s u g g e s t s  t h a t  t h e r e  is  c o n s i d e r a b l e  s c o p e  f o r  a v o i d i n g  
l o s s e s  t o  t h e  r e c r e a t i o n a l  f i s h e r y  (and commercia l  f i s h e r y  development  
i n t e r e s t s )  w i t h  t h e  u s e  o f  n o n - s t r u c t u r a l  means, b u t  a l s o  due t o  o p t i o n s  
i n  t h e  s t r u c t u r a l  d e s i g n  o f  t h e  development  p r o p o s a l s .  
N o n - s t r u c t u r a l  o p t i o n s  which can  have a n  i m p o r t a n t  m i t i g a t i n g  e f f e c t  
on f i s h e r y  i m p a c t s  i n c l u d e  i r r i g a t i o n  s c h e d u l i n g  and t h e  s e t t i n g  o f  h i g h e r  
minimum f low s t a n d a r d s .  S t r u c t u r a l  o p t i o n s  i n c l u d e  a  r a n g e  o f  p o s s i b i l i t i e s  
. f o r  a v o i d i n g  d e t r i m e n t a l  i m p a c t s  on i n s t r e a m  u s e s ,  from t h e  i n s t a l l a t i o n  o f  
f i s h  s c r e e n s  a t  nominal  c o s t  t o  i r r i g a t i o n  scheme development t o  t h e  c o n s t r u -  
c t i o n  o f  f i s h  h a t c h e r i e s  and r e a r i n g  f a c i l i t i e s  a t  c o n s i d e r a b l y  g r e a t e r  
expense .  S t r u c t u r a l  changes  c r e a t e  t h e  p o s s i b i l i t y  o f  a  f i s h e r y  enhance-  
ment p o l i c y ,  t o  i n c l u d e  t h e  commercial  development  o f  a  sa lmonoid  f i s h e r y  
a s  a n  i n t e g r a l  p a r t  o f  t h e  i r r i g a t i o n  scheme. Because o f  t h e  improved 
w a t e r  q u a l i t y  o f  r e s e r v o i r  s t o r a g e  r e l e a s e s  made p o s s i b l e  by t h e  HEP deve lop-  
ment o f  Lake C o l e r i d g e ,  f i s h e r y  enhancement p o s s i b l i t i e s  a r e  c o n s i d e r a b l y  
improved o v e r  t h e  non-s to rage  development o p t i o n s .  
Apar t  from some p o t e n t i a l l y  s e v e r e  e n v i r o n m e n t a l  i m p a c t s  a s s o c i a t e d  
w i t h  m o d i f i c a t i o n s  t o  Lake C o l e r i d g e ,  comprehens ive  Rakaia  R i v e r  p l a n n i n g  
would a p p e a r  t o  pay s u b s t a n t i a l  l o n g  t e rm d i v i d e n d s  a s  opposed t o  i n c r e m e n t a l  
development p l a n n i n g  on a p r o j e c t  by p r o j e c t  b a s i s .  Moreover, i f  t h e  
i n t e r a c t i o n s  and d i r e c t i o n s  o f  change d e p i c t e d  i n  Table  8 . 3  a r e  g e n e r a l l y  
sound,  t h e n  a  s a f e t y - f i r s t  p l a n n i n g  philosoph$3, which p u r p o s e l y  a v o i d s  
i r r e v e r s i b l e  d e c i s i o n s  where p o s s i b l e ,  would seem t o  be a n  a p p r o p r i a t e  
p o l i c y  s t a n c e  i n  t h e  n e a r  t e rm.  I t  s h o u l d  b e  s t r e s s e d  t h a t  t h i s  i n f e r e n c e  
i s  n o t  b a s e d o n e n v i r o n m e n t a l  c o n c e r n s  a l o n e ,  b u t  a l s o ,  and p e r h a p s  even  
more i m p o r t a n t l y ,  on t h e  economic and s o c i a l  i m p l i c a t i o n s  o f  f u t u r e  w a t e r  
development o p p o r t u n i t i e s .  
8.4 Summary and C o n c l u s i o n s  
The c u r r e n t  economic impor tance  o f  t h e  Rakaia  River  i s  a t t r i b u t e d  
t o  i ts  salmon and t r o u t  f i s h e r y  a s  a  s o u r c e  o f  a n g l i n g  and r e l a t e d  b o a t i n g  
r e c r e a t i o n ,  s m a l l  s c a l e  h y d r o - e l e c t r i c  g e n e r a t i o n  and l i m i t e d  a b s t r a c t i o n s  
43 Also known a s  t h e  "mini-max" c r i t e r i o n  -- minimis ing  t h e  chance  
o f  a  maximum f u t u r e  l o s s  (See  f o r  example R a n d a l l ,  1 9 8 1 ) .  
f o r  i r r i g a t i o n  and l i v e s t o c k  w a t e r .  The r i v e r  i s  a l s o  a  c o n s i d e r a b l e  
' s t o r e  o f  v a l u e '  i n  t e rms  o f  i t s  p o t e n t i a l  u s e  f o r  l a r g e  s c a l e  i r r i g a t i o n /  
hydro  power development and f o r  commercial  salmon r a n c h i n g .  P lanned  
consumpt ive  u s e s ,  p r i m a r i l y  a g r i c u l t u r a l ,  pose  a  r i s k  t o  f u t u r e  r e c r e a t i o n a l  
enjoyment  t h r o u g h  a l t e r e d  s e a s o n a l  f l o w s  and i ts p o s s i b l e  n e g a t i v e  impac t  
on f i s h e r y  and w i l d l i f e  h a b i t a t ,  a  s i m i l a r  r i s k  t o  p o t e n t i a l  salmon r a n c h i n g  
a c t i v i t i e s ,  and o t h e r  p o s s i b l e  e n v i r o n m e n t a l  i m p a c t s  i n c l u d i n g  a l t e r a t i o n  
o f  t h e  c o a s t a l  zone sed iment  b a l a n c e ,  r a i s e d  w a t e r  t a b l e s  and ground-water  
p o l l u t i o n .  A b s t r a c t i o n  c o u l d  a l s o  be  b e n e f i c i a l  t o  one o r  more o f  t h e s e  
c o n c e r n s .  The r e s u l t i n g  f u t u r e  i m p a c t s  a r e  p o o r l y  unders tood  a t  t h e  p r e s e n t  
t i m e .  
I n t e g r a t e d  p l a n n i n g  s h o u l d  a c c o u n t  f o r  a l l  p o t e n t i a l  b e n e f i t s  and 
c o s t s  t h a t  may r e s u l t  from proposed  a c t i o n s  and non-ac t ions .  Env i ronmenta l  
consequences  a r e  an  i n t e g r a l  p a r t  o f  t h i s  a s s e s s m e n t .  Consequen t ly ,  
e n v i r o n m e n t a l  p l a n n i n g ,  l i k e  s o c i a l  and economic p l a n n i n g ,  must b e  b u i l t  
i n t o  t h e  o v e r a l l  p l a n n i n g  framework. Even i f  e n v i r o n m e n t a l  i s s u e s  a r e  
s e t  a p a r t  from o t h e r  socio-economic c o n c e r n s  because  t h e i r  consequences  
a r e  l e s s  r e a d i l y  a p p a r e n t  i n  t h e  e a r l y  s t a g e s  o f  scheme d e s i g n s ,  i t  is 
e s s e n t i a l  t h a t  p r e v e n t a t i v e  measures  a r e  a d d r e s s e d  b e f o r e  i m p l e m e n t a t i o n  
b e g i n s .  T h i s  is e s p e c i a l l y  i m p o r t a n t  w i t h  a  l a r g e  p r o j e c t  l i k e  t h e  CPIS. 
Ana lys ing  t h e  development p r o p o s a l s  w i t h i n  a  m u l t i - o b j e c t i v e  and 
m u l t i - d i m e n s i o n a l  a s sessment  framework is a  u s e f u l  g u i d e  t o  r a t i o n a l i s i n g  
w a t e r  u s e  i n  t h e  r e g i o n a l  and n a t i o n a l  i n t e r e s t .  A s  a  r e s u l t  o f  t h i s  
p r e l i m i n a r y  assessment  t h e  e x i g e n c i e s  o f  t h e  w a t e r  management problem 
were b r o u g h t  i n t o  a  c l e a r e r  f o c u s ,  and some u s e f u l  development and p o l i c y  
a l t e r n a t i v e s  were i d e n t i f i e d .  The a s s e s s m e n t  framework a l s o  f a c i l i t a t e d  
an i n i t i a l  a p p r a i s a l  of  some c o n c r e t e  p l a n n i n g  s c e n a r i o s  d e s i g n e d  t o  minimise  
c o n f l i c t s  o f  i n t e r e s t  i n  w a t e r  a l l o c a t i o n s ,  and t o  maximise t h e  p o t e n t i a l  
f u t u r e  b e n e f i t s  from development.  O v e r a l l ,  t h e  r e s u l t s  s u g g e s t  a  p r u d e n t  
p a t h  t o  be  fo l lowed  i n  n e a r  term d e c i s i o n  making. Rakaia  River  w a t e r  
p l a n n i n g  is n o t  a s  s i m p l e  a s  f i n d i n g  t h e  c o u r a g e  t o  d e c i d e  t o  t r a d e - o f f  
$ X  m i l l i o n  i n  r e c r e a t i o n  b e n e f i t s  f o r  $ Y  m i l l i o n  i n  i r r i g a t i o n  b e n e f i t s .  
With a d d i t i o n a l  r e s e a r c h  and t i m e  it may be  p o s s i b l e  t o  "Save t h e  Rakaia" ,  
a s  t h e  c a r  s t i c k e r s  p r o c l a i m ,  f o r  t h e  mutua l  b e n e f i t  o f  a l l  concerned .  

CHAPTER 9  
ASSESSMENT OF RESEARCH NEEDS AND PRIORITIES 
9 .1  I n t r o d u c t i o n  
T h i s  c h a p t e r  b r i e f l y  summarises  t h e  i d e n t i f i e d  r e s e a r c h  needs  which 
a r e  d i s c u s s e d  more f u l l y  i n  t h e  c o n c l u s i o n  s e c t i o n s  t o  e a c h  c h a p t e r ,  and 
r e p o r t s  on t h e  Study Team's v iews on t h e i r  r e l a t i v e  impor tance .  P r i o r i t y  
r e s e a r c h  t o p i c s  were dec ided  on t h e  b a s i s  o f  s e v e r a l  d i f f e r e n t  c r i t e r i a  
i n  an  e f f o r t  t o  p r e s e n t  a  b a l a n c e d  view of  t h e  i n f o r m a t i o n  needed f o r  
improved w a t e r  a l l o c a t i o n  and p l a n n i n g  d e c i s i o n s .  The s e n i o r  a u t h o r  a c c e p t s  
r e s p o n s i b i l i t y  f o r  t h e  f i n a l  o r d e r i n g .  
The Resea rch  Needs I d e n t i f i e d  
A s  p o i n t e d  o u t  i n  t h e  I n t r o d u c t i o n  (Chap te r  1 )  t h e  a u t h o r s  d i d  n o t  
a t t e m p t  a n  e x h a u s t i v e  rev iew,  b u t  r a t h e r  a  r e c o n n a i s s a n c e - t y p e  e x a m i n a t i o n  
o f  t h e  i s s u e s  ( p r e s e n t  and emerg ing)  and t h e  g a p s  i n  knowledge t h a t  must  
be  f i l l e d  t o  d e a l  e f f e c t i v e l y  w i t h  them. Due t o  time and r e s o u r c e  c o n s t r a i n t s ,  
no doub t  some o f  t h e  i s s u e s  and d a t a  s o u r c e s  were missed.  I t  is, t h e r e f o r e ,  
i m p o r t a n t  t o  r e c o g n i s e  a t  t h e  o u t s e t  t h a t  t h e  f o l l o w i n g  l i s t i n g  o f  r e s e a r c h  
needs  i s  n e c e s s a r i l y  a  p a r t i a l  one .  
9 . 2 . 1  R e l a t i n g  t o  C u r r e n t  I r r i q a t i o n  P l a n s  The d i s c u s s i o n  i n  
C h a p t e r s  2 and 3 h i g h l i g h t e d  a  number o f  a r e a s  where a d d i t i o n a l  r e s e a r c h  
would b e  wor thwhi le .  A s  t h e y  now s t a n d  t h e  p r o p o s a l s  a p p e a r  t o  be  o n l y  
m a r g i n a l l y  b e n e f i c i a l  from t h e  n a t i o n a l  v i e w p o i n t .  The o v e r a l l  economic 
pe r fo rmance  of t h e  s c h e m e m i g h t  be  enhanced w i t h  comple t ion  o f  t h e  f o l l o w i n g  
s t u d i e s  ( n o t  i n  o r d e r  o f  p r i o r i t y ) :  
I1 A n a l y s i s  of  t h e  marg ina l  ( i n c r e m e n t a l )  v a l u e  o f  i r r i g a t i o n  w a t e r  
and its o p t i m a l  a l l o c a t i o n  ( c o n s e r v a t i o n )  when w a t e r  is i n  s h o r t  
s u p p l y :  ( a )  on a  s e a s o n a l  b a s i s  and ( b )  t h e  l e g a l  and i n s t i t u t i o n a l  
a r rangement  t o  accompl ish  t h i s ;  
I 2  A n a l y s i s  o f  l a n d  u s e  p o t e n t i a l s  and c o n s t r a i n t s  t o  h i g h e r - v a l u e d  
p r o d u c t i o n  e n t e r p r i s e s  i n  t h e  i r r i g a t i o n  scheme a r e a s ;  
141 .  
I3 The "economic limits" t o  g roundwate r  a b s t r a c t i o n  i n  t h e  nominated 
scheme a r e a s  ; 
I 4  The " o p p o r t u n i t y  c o s t  ( o r  v a l u e ) "  o f  g roundwate r  development i n  
t h e  LRIS v s  CPIS a t  a l t e r n a t i v e  s p e c i f i e d  minimum f low s t a n d a r d s  
f o r  r i v e r  w a t e r  a b s t r a c t i o n ;  
I 5  F u r t h e r  a n a l y s e s  of o p t i m a l  scheme d e s i g n  based  on " a l t e r n a t i v e "  
w a t e r  s u p p l y  d e l i v e r y  s y s t e m s  and p r o j e c t  a r e a  s e r v i c e d ;  
I 6  The o p t i m a l  c o n j u n c t i v e  u s e  o f  s u r f a c e  and groundwater  t r e a t i n g  
t h e  LRIS and CPIS a s  "one p l a n f 1 ;  
I 7  S e n s i t i v i t y  a n a l y s i s  o f  c o s t - s h a r i n g  and f i n a n c i n g  a r r a n g e m e n t s  
on p r i v a t e  i r r i g a t i o n  b e n e f i t s  and t h e  r a t e  o f  on-farm development  
( f rom C h a p t e r  3 ) ;  and 
I 8  An u p d a t e  and r e f i n e m e n t  o f  t h e  r e g i o n a l  p r o d u c t i o n ,  income and 
employment m u l t i p l i e r s  f o r  u s e  i n  a p p r a i s i n g  secondary  i m p a c t s  
( f rom C h a p t e r  4 ) .  
9.2.2 R e l a t i n q  t o  S o c i a l  and Demoqraphic Concerns  The p a u c i t y  
o f  sound b a s e l i n e  d a t a  upon which t o  a s s e s s  and moni to r  s o c i a l  and demographic  
changes  b r o u g h t  a b o u t  by i r r i g a t i o n  development  is a  major  h a n d i c a p  a t  
t h e  p r e s e n t  time. On t h e  b a s i s  o f  t h e  a v a i l a b l e  d a t a  reviewed i n  Chap te r  5 ,  
s e v e r a l  i m p o r t a n t  g a p s  i n  knowledge c o u l d  b e  f i l l e d  w i t h  t h e  f o l l o w i n g  
r e s e a r c h  a c t i v i t i e s :  
S1 Review o f  c u r r e n t  i r r i g a t i o n  p r o j e c t s  t o  g a t h e r  c r o s s - s e c t i o n a l  
and t i m e - s e r i e s  d a t a  needed f o r  f u t u r e  " p r e - p r o j e c t "  impac t  a s s e s s -  
ments ;  
S2 C o l l e c t i o n  o f  p r imary  d a t a  v i a  f a r m e r  and l o c a l  community s u r v e y s  
t o  e s t a b l i s h  b a s e l i n e  socio-economic and a d d i t i o n a l  i n f o r m a t i o n  
f o r  m o n i t o r i n g  i m p a c t s ;  
S3 A n a l y s i s  o f  " l o c a l  r e s o u r c e  c a p a c i t i e s "  and t h e  a b i l i t y  o f  r u r a l  
communi t ies  (and t h e  r e g i o n )  t o  cope  w i t h  and /o r  t a k e  a d v a n t a g e  
of l a r g e - s c a l e  i r r i g a t i o n  development  and t h e  a s s o c i a t e d  growth 
o p p o r t u n i t i e s ;  and 
S4 Assessment o f  i m p l i c a t i o n s  of l o c a l  ( r e g i o n a l )  r e s o u r c e s  on t h e  
r a t e  o f  i r r i g a t i o n  development and t h e  " r e t e n t i o n "  o f  b e n e f i t s  i n  
t h e  r e g i o n ,  p a r t i c u l a r l y  d u r i n g  t h e  c o n s t r u c t i o n  phase .  
The c o m p l i m e n t a r i t y  o f  t h e  recommended s t u d i e s  I8 and S3 and S4 
i s  no tewor thy  s i n c e  one o f  t h e  major  l i m i t a t i o n s  o f  i n p u t - o u t p u t  ( I / O )  
a n a l y s i s ,  namely a c c u r a t e l y  q u a n t i f y i n g  t h e  " l e a k a g e  e f f e c t s "  between 
r e g i o n s  o r  between t h e  impacted r e g i o n  and t h e  n a t i o n ,  can be  a d d r e s s e d  
d i r e c t l y  i n  a c o - o p e r a t i v e  r e s e a r c h  e f f o r t  i n v o l v i n g  demographers ,  s o c i o l o g i s t s  
and e c o n o m i s t s .  
9.2.3 R e l a t i n q  t o  R e c r e a t i o n  and P r e s e r v a t i o n  o f  Ameni t i e s  These 
a r e  t h e  l e a s t  known i m p l i c a t i o n s  and f o r  t h i s  r e a s o n  c o n s i d e r a b l e  r e s e a r c h  
work is  u r g e n t l y  needed on s e v e r a l  f r o n t s .  Again, w i t h o u t  l i s t i n g  them 
i n  o r d e r  o f  p r i o r i t y ,  t h e  f o l l o w i n g  s t u d i e s  a r e  recommended ( C h a p t e r  6 )  
on t h e  e n v i r o n m e n t a l  i s s u e s  a s s o c i a t e d  w i t h  i r r i g a t i o n :  
E l  The i m p l i c a t i o n s  o f  f low m o d i f i c a t i o n  on hydro-b io log ic  change  
i n  s u p p o r t i n g  h a b i t a t s  f o r  r i v e r - b a s e d  l i f e  forms ( i . e . ,  t o  augment 
c u r r e n t  r e s e a r c h  programmes i n  t h e  p h y s i c a l  s c i e n c e s  n o t a b l y  t h e  
FRD and W i l d l i f e  S e r v i c e  ongoing s t u d i e s  of t h e  Rakaia R i v e r ) ;  
E2 The economic i m p l i c a t i o n s  o f  r i v e r  f low m o d i f i c a t i o n  on t h e  v i a b i l i t y  
o f  commercial  salmon r a n c h i n g ;  
E3 The r e c r e a t i o n a l  i m p a c t s  ( a d v e r s e  and b e n e f i c i a l )  o f  t h e  i r r i g a t i o n  
p r o p o s a l s ,  and f o r  s i g n i f i c a n t  c h a n g e s  i n  t h e  p r o p o s a l s  d e s i g n e d  
t o  enhance r e c r e a t i o n  b e n e f i t s  ( s e e  E9 b e l o w ) ;  
E4 The i m p l i c a t i o n s  of "endanger ing"  a n i m a l  s p e c i e s  a t  r i s k  due  t o  
i r r i g a t i o n  development ,  f o r  example ,  t h e  Wryb i l l  P l o v e r  and t h e  
Black- f ron ted  Tern;  
E5 An a p p r o p r i a t e  " i n s t r e a m  v a l u e  c h a r g e "  ( o r  p e n a l t y  c o s t )  t o  b e  accoun ted  
f o r  i n  terms o f  t h e  socio-economic b e n e f i t s  f o r e g o n e  due t o  i r r i g a t i o n  
( o r  any o t h e r  development)  " a s  a means o f "  r a t i o n a l i s i n g  w a t e r  a l l o -  
c a t i o n s  between competing u s e s ;  
E6 The human " h e a l t h  e f f e c t s "  o f  p o s s i b l e  n i t r a t e  p o l l u t i o n  o f  groundwater  
r e s o u r c e s  r e s u l t i n g  from i r r i g a t i o n  development ;  
E7 The economic and env i ronmenta l  i m p l i c a t i o n s  o f  d ra inage  i m p l i c a t i o n s  
r e s u l t i n g  f rom sub-surface i r r i g a t i o n  r e t u r n  f lows ,  t o  i n c l u d e :  
( a )  t h e  p o s s i b l e  requi rement  o f  a  permanent opening t o  Lake El lesrnere 
and t h e  r e s u l t a n t  e f f e c t s  on p r e s e r v i n g  t h e  l a k e ' s  cha rac te r  as  a 
"wet land"  resource ;  and ( b )  t h e  recha rge  o f  a q u i f e r s  f o r  e v e n t u a l  
use by pump i r r i g a t o r s  s i t u a t e d  below t h e  r i v e r - s u p p l i e d  areas; 
E8 The long- te rm i m p l i c a t i o n s  o f  m o d i f i c a t i o n s  i n  water  r e t u r n  f l o w  
p o i n t s  on e r o s i o n  o f  t h e  Canterbury c o a s t l i n e ;  and 
E9 The economic i m p l i c a t i o n s  o f  " j o i n t  use'' o f  t h e  i r r i g a t i o n  development 
works t o  enhance t h e  e x i s t i n g  sa lmonoid f i s h e r y ,  i .e . ,  a  m u l t i p l e  
p roduc t  (use) development scheme: (a)  on  a seasonal  b a s i s  and (b )  
t h e  l e g a l  and management requ i rements  necessary t o  accompl ish t h i s .  
9.2.4 R e l a t i n q  t o  Lonqer-Term Water Resource Development Opt ions  
On t h e  b a s i s  o f  t h e  f i n d i n g s  i n  Chapter 7, i t  was argued t h a t  a lmost  a l l  
p l a n s  t o  a l l o c a t e  water  f rom t h e  Rakaia shou ld  t a k e  f u t u r e  energy development 
i n t o  account.  The i m p l i c a t i o n s  o f  water  s t o r a g e  and t h e  p o t e n t i a l  o f  
power revenues i n  t h e  l o n g  term a r e  so c o n s i d e r a b l e  t h a t  near  term wate r  
resource  a l l o c a t i o n  d e c i s i o n s  t ake  on ominous impor tance.  Th i s  i s  because 
p resen t  water  r esou rce  p l a n n i n g  d e c i s i o n s  can l e a d  t o  i r r e v e r s i b l e  conse- 
quences f o r  ( i n f l e x i b i l i t i e s  i n )  f u t u r e  d e c i s i o n s ,  and i n  t h e  case o f  
t h e  R a k a i a b o t h p r e s e r v a t i o n  and development i n t e r e s t s  may be " a t  r i s k " .  
The f o l l o w i n g  resea rch  t o p i c s  would s u b s t a n t i a l l y  improve unders tand ing  
o f  t h e  p o t e n t i a l  ga ins  t h a t  may be a s s o c i a t e d  w i t h  longer - te rm p l a n s  f o r  
water  resource  development i n  Canterbury:  
H1 The env i ronmenta l  i m p l i c a t i o n s  and " t r a d e - o f f s "  i n  u s i n g  Lake C o l e r i d g e  
s to rage  t o  s a t i s f y  i ns t ream and i r r i g a t i o n  needs downstream; 
H2 The p o t e n t i a l  b e n e f i t s  and c o s t s  o f  i n t e r c a t c h m e n t  water  t r a n s f e r s ,  
emphasising t h e  a d d i t i o n  o f  Rakaia wa te r  t o  r i v e r  systems w i t h  
ephemeral f l ows ;  
H3 The f i s h e r y  enhancement p o t e n t i a l  ( b o t h  commercial  and r e c r e a t i o n a l )  
o f  u s i n g  r e s e r v o i r  r e l eases  t o  a s s i s t  i n  h a b i t a t  m o d i f i c a t i o n  and 
o t h e r  means t o  b e n e f i t  r e c r e a t i o n a l ,  p r e s e r v a t i o n  and developmenta l  
wa te r  uses: ( a )  on a seasonal bas i s ,  and ( b )  t h e  l e g a l / i n s t i t u t i o n a l /  
management requ i rements  t o  accompl ish them; 
H4 The p o t e n t i a l  c o s t  s a v i n g s  p e r  h e c t a r e  o f  i r r i g a t e d  l a n d  (hence  
scheme p r o f i t a b i l i t y )  o f  j o i n t  headworks development f o r  i r r i g a t i o n  
and power p r o d u c t i o n ;  
H5 The economic b e n e f i t s  t o  f a r m e r s  and l o c a l  ( r u r a l )  communi t ies  o f  
hav ing  power revenues  t o  a s s i s t  w i t h  f i n a n c i n g  i r r i g a t i o n  and o t h e r  
p r o d u c t i v e  developments ;  
H6 The socio-economic and h e a l t h  e f f e c t s  o f  a  r e l a t i v e l y  l e s s  e x p e n s i v e  
energy  r e s o u r c e  ( e l e c t r i c i t y )  made a v a i l a b l e  f o r  u s e  i n  u rban  commu- 
n i t i e s  ( f o r  example i n  C h r i s t c h u r c h )  where a i r  p o l l u t i o n  from f o s s i l  
f u e l s  i s  a  problem; and 
H7 The r e g i o n a l  i n d u s t r y  growth and f o r e i g n  exchange ( n a t i o n a l )  s t i m u l u s  
o f  a d d i t i o n a l  e l e c t r i c a l  power, and t h e  t o u r i s m  p o t e n t i a l  c r e a t e d  
by m u l t i p l e  u s e  w a t e r  r e s o u r c e  development  emphas i s ing  enhancement 
o f  t h e  s p o r t  f i s h e r y .  
9 .3  C r i t e r i a U s e d t o  S e t  P r i o r i t i e s  
E s t a b l i s h i n g  p r i o r i t i e s f o r  f u t u r e  r e s e a r c h  is  n e c e s s a r y  s i n c e  t h e  
w a t e r  a g e n c i e s  and fund ing  i n s t i t u t i o n s  concerned  f a c e  t ime  and budge t  
c o n s t r a i n t s ,  and because  i n d i v i d u a l  s t u d i e s  may d i f f e r  i n  t h e i r  i m p o r t a n c e  
f o r  a c h i e v i n g  a  r e s o l u t i o n  o f  t h e  l a r g e r  problem. Fur the rmore ,  a  s i n g l e  
c r i t e r i o n  f o r  r a n k i n g  r e s e a r c h  needs  may n o t  be  a p p r o p r i a t e  s i n c e  t h e  
n a t u r e  o f  t h e  s t u d i e s  r e q u i r e d v a r i e s  from immediate  problem-solving p o l i c y -  
t y p e  r e s e a r c h  t o  more b a s i c  r e s e a r c h  which w i l l  r e a l i s e  b e n e f i t s  o n l y  
o v e r  t h e  longer - t e rm.  Accord ing ly ,  r e s e a r c h  p r i o r i t i e s  s h o u l d  r e f l e c t  
a  b a l a n c e  o f  i n t e r e s t s  and s o c i a l  n e e d s  b o t h  p r e s e n t  and f u t u r e .  
I n  e s t a b l i s h i n g  t h e  r e l a t i v e  i m p o r t a n c e  o f  i n d i v i d u a l  i s s u e s  and 
a r e a s  o f  s t u d y  t h e  Study Team c o n s i d e r e d  t h e  f o l l o w i n g  c r i t e r i a :  
1. Urqency - How i m p o r t a n t  w i l l  t h e  answer be  t o  t h e  upcoming T r i b u n a l  
h e a r i n g  r e g a r d i n g  w a t e r  r i g h t s ?  
2. Impor tance  - What is t h e  l i k e l y  impac t  on t h e  o v e r a l l  ( n e t )  b e n e f i t  
t o  t h e  r e g i o n  i f  t h e  i r r i g a t i o n  p r o p o s a l s  were t o  proceed a s  p lanned?  
3. R e v o c a b i l i t y  - I n  t h e  absence  o f  b e t t e r  i n f o r m a t i o n ,  a r e  t h e  conse-  
p-
quences  o f  a n  impending d e c i s i o n  p o t e n t i a l l y  i r r e v e r s i b l e ? ;  and 
4. Cos t  o f  I n f o r m a t i o n  - Over what t i m e f r a m e  and , a t  what c o s t s  can  t h e  
n e c e s s a r y  i n f o r m a t i o n  be  o b t a i n e d ?  
Research P r i o r i t i e s  f o r  t h e  F u t u r e  
The r e s u l t s  o f  t h e  Team's a s s e s s m e n t  a r e  summarised i n  Tab le  9 .1 .  
To i l l u s t r a t e  how t h e s e  were o b t a i n e d  some examples  may be  h e l p f u l .  
Example 1. How w i l l  f a r m e r s  be  a f f e c t e d  i n  t h e  e v e n t  t h a t  i r r i g a t i o n  
w a t e r  is  w i t h h e l d  a t  c e r t a i n  times d u r i n g  t h e  i r r i g a t i o n  s e a s o n  (recommended 
s t u d y  I l ) ?  T h i s  t o p i c  d e s e r v e s  h i g h  p r i o r i t y  e m p h a s i s  i n  f u t u r e  r e s e a r c h  
s i n c e  : 
1. T h i s  w i l l  b e  a  key argument i n  t h e  amount o f  a b s t r a c t a b l e  w a t e r  r e q u i r e d  
t o  j u s t i f y  p r o j e c t  b e n e f i t s  i n  t h e  upcoming w a t e r  r i g h t  h e a r i n g  -- 
it is u r q e n t ;  
2.  The l e v e l  o f  w a t e r  stress t h a t  migh t  o c c u r  a t  a  c r i t i c a l  s t a g e  o f  
p l a n t  growth c o u l d  m a t e r i a l l y  r e d u c e  c r o p  and  l i v e s t o c k  o u t p u t  -- 
i t  i s  i m p o r t a n t ;  
3 .  Although water r a t i o n i n g  between f a r m s  is  a l w a y s  p o s s i b l e  no m a t t e r  
how s e v e r e  t h e  c u t b a c k ,  a n  e f f i c i e n t  o r  o p t i m a l  a l l o c a t i o n  p o l i c y  
is  y e t  t o  be  de te rmined  -- a l t h o u g h  s u c h  i m p l i c a t i o n s  on t h e  amount 
o f  water a b s t r a c t e d  a r e  n o t  i r r e v o c a b l e ;  and 
4. Given t h e  a v a i l a b l e  d a t a  and m e t h o d o l o g i e s  f o r  examining t h e  p rob lem,  
a n  answer s h o u l d  b e  r e a d i l y '  f o r t h c o m i n g  w i t h o u t  any major  e x p e n d i t u r e  
o f  a d d i t i o n a l  r e s o u r c e s  and time -- t h e  c o s t  o f  i n f o r m a t i o n  s h o u l d  
n o t  b e  t o o  g r e a t .  
Example 2. S o c i a l  and demographic b a s e l i n e  d a t a  c o l l e c t i o n  (recommended 
s t u d y  S 2 ) .  T h i s  r e s e a r c h  is  n o t  u r g e n t  i n  t h e  s e n s e  t h a t  t h e  r e s u l t s  
w i l l  n o t  a f f e c t  t h e  outcome o f  a  water r i g h t  T r i b u n a l  h e a r i n g ,  b u t  i ts  
p o t e n t i a l  i m p o r t a n c e  i n  a s s e s s i n g  t h e  f u t u r e  i m p a c t s  o f  i r r i g a t i o n  deve lop-  
ment on l o c a l  communi t ies  s h o u l d  b e  c l e a r  s i n c e  a  sound d a t a  b a s e  d o e s  
n o t  now e x i s t  t o  do t h i s .  F u r t h e r ,  t h e  c o s t s  o f  g a i n i n g  benchmark i n f o r m a t i o n  
a r e  r e a s o n a b l e ,  b u t  u n l e s s  t h e  s t u d y  is implemented i n  t h e  n e a r  f u t u r e  
a n  a d e q u a t e  p r e - p r o j e c t  " b a s e l i n e "  may n o t  b e  p o s s i b l e  t o  o b t a i n  -- it 
i s  a n  i r r e v o c a b l e  d e c i s i o n .  On t h e  b a s i s  o f  t h e  above r e a s o n i n g  t h i s  
s t u d y  was a l s o  r a t e d  "high"  p r i o r i t y .  
TABLE 9.1 
Summary of Priority Research Needs in Support of Future Decisions 
Regarding the Development of Rakaia River Water for Irrigation 
Recommended Studies: Considerations in establishing research priorities: Overall 
ID Topic Priority Cost or' Infqrmation? flanking Urgency? Importance? 'Otenti l Revocable? Time 
$i 
I1 Intraseasonal Water Values High , Yes Major Yes 7,000 3 mo. 
I2 Irrigation land use* Moderate Some Major Yes 15,000 1 Yr 
I3 Economic limits to groundwater High Some Major Partially 15,000 1 Yr 
I4 Opportunity Costs of groundwater High Yes Major Partially 30,000 1 Yr 
15 Optimal scheme water supply High Yes Major Partially 15,000 1 Yr 
I6 Conjunctive use under "one planw Moderate Some Major Partially 50,000 2 yrs 
I7 Cost sharing and finance effects High Yes ? Yes 5,000 3 mo. 
I8 Refinement of secondary impacts Low Some Minor Yes 7,000 4 mo. 
S1 Review of ongoing irrig. projects Low Some Minor Yes 10,000 1 Yr 
S2 Baseline data surveys (social) High Some Major No 20,000 1 Yr 
S3 Assessment of flocalf resources Low Some ? Yes 20,000 9 mo. 
S4 Regional development 'leakages' Low No ? Yes 15,000 9 mo. 
El Hydro-biologic-habitat relations Moderate Yes ? No ? 2+ yrs 
E2 Commercial salmon ranching High Yes Major Partially 10,000 6 mo. 
E3 Recreational impacts High Yes Major Partially 20,000 1 yr 
E4 Endangered species High Yes ? No 20,000 1 Yr 
E5 Instream values Moderate Yes Major Uncertain 30,000 2 yrs 
E6 Drainage problems Moderate Some Major No ? 3+ yrs 
E7 Human Health Implications Moderate Some ? Partially ? 3+ yrs 
E8 Coastal erosion Low No ? Uncertain ? ? 
E9 Fishery enhancement prospects* High Yes Major Uncertain 20,000 1 Yr 
H1 Coleridge storage Moderate Some major Partially ? ? - 
H2 Intercatchment transfers* High Yes Major Partially 20,000 1 Yr 
H3 Fishery enhancement from storage* High Yes Najor Partially 20,000 1 Yr 
H4 Cost sharing with HEP High Some Major Yes 10,000 3 mo. 
H5 Revenue sharing with HEP high Some Major Yes 10,000 3 mo. 
H6 Benefits of additional electricity Low Some Major Yes 20,000 3 no. 
H7 Regional development benefits* High Yes Major Yes 30,000 18 mo. 
* Reconnaissance-level investigations, primarily aimed at "orders of magnitudew rather than precise 
estimates. 
I Indicative research budgets. By combining certain study topics into a single investigation the 
'cost of information1 can be substantially reduced in most cases. 
Example 3 .  A p o t e n t i a l  e x t e r n a l i t y  o f  i r r i g a t i o n  is r i s i n g  w a t e r  
t a b l e s  a s  a  r e s u l t  o f  s u b - s u r f a c e  r e t u r n  f l o w s  (recommended s t u d y  E7) .  
The e x t e r n a l  e f f e c t s  ( i . e . ,  t h e  u n i n t e n d e d  consequences  o u t s i d e  t h e  i r r i g a t i o n  
scheme)  can  be  d e t r i m e n t a l  i f  i t  c a u s e s  a  d r a i n a g e  problem,  o r  b e n e f i c i a l  
i f  i t  r e s u l t s  i n  an  a d d i t i o n a l  s u p p l y  o f  water t o  e s t a b l i s h e d  (and  f u t u r e )  
i r r i g a t o r s  who r e l y  on pumping from a q u i f e r s .  I n  t h e  p r e s e n t  i n s t a n c e  
b o t h  p o s s i b l e  e f f e c t s  a r e  i m p o r t a n t  ( o r  a t  l e a s t  p o t e n t i a l l y  s o ) ,  b u t  
n o t  n e c e s s a r i l y  u r g e n t  t o  r e s o l v e  b e f o r e  t h e  w a t e r  r i g h t  h e a r i n g .  The 
r e s u l t a n t  i m p a c t s  a r e  n o n e t h e l e s s  p o t e n t i a l l y  i r r e v o c a b l e ,  a s  once  e s t a b l i s h e d  
m a j o r  i r r i g a t i o n  schemes a r e  n o t  l i k e l y  t o  b e  c l o s e d  down. The c o s t s  
o f  o b t a i n i n g  t h e  needed i n f o r m a t i o n  t o  a s s e s s  a l l  o f  t h e  p o s s i b l e  i m p a c t s  
a r e  l i k e l y  q u i t e  l a r g e .  For  t h e s e  r e a s o n s  t h i s  a r e a  o f  r e s e a r c h  is r a t e d  
a "moderate"  p r i o r i t y .  
The recommended s t u d i e s  a c c o r d e d  a  "high"  p r i o r i t y  t e n d e d  t o  be  
t h o s e  c o n s i d e r e d  most u r g e n t  and w i t h  a s h o r t e r  t imef rame  f o r  c o m p l e t i o n  
( t y p i c a l l y  w i t h i n  one  y e a r  o r  l e s s ) .  S t u d i e s  w i t h  a p e r c e i v e d  major  f u t u r e  
i m p a c t  b u t  which c o u l d  o n l y  b e  accompl i shed  w i t h  a  c o n s i d e r a b l e  r e s e a r c h  
e f f o r t  ( i . e . ,  l a r g e  b u d g e t s  and two o r  more y e a r s  f o r  c o m p l e t i o n )  t e n d e d  
t o  r e c e i v e  a  "moderate" p r i o r i t y  r a n k i n g .  With few e x c e p t i o n s ,  "lowtt  
p r i o r i t y  s t u d i e s  were t h o s e  c o n s i d e r e d  less u r g e n t  and /o r  h a v i n g  l e s s  
p o t e n t i a l  impac t  on t h e  o v e r a l l  outcome of  near- term w a t e r  p l a n n i n g  d e c i s i o n s .  
However, o f  t h e  s t u d i e s  i d e n t i f i e d  by t h e  Review Team a r e  i m p o r t a n t  
o t h e r w i s e  t h e y  would n o t  have been recommended i n  t h e  f i r s t  p l a c e .  
To accompl i sh  a l l  o f  t h e  recommended r e s e a r c h  would l i k e l y  r e q u i r e  
a  programme budge t  e x c e e d i n g  h a l f  a  m i l l i o n  d o l l a r s  o v e r  t h e  n e x t  t h r e e  
t o  f i v e  y e a r s .  A s  t h e y  now s t a n d ,  t h e  i d e n t i f i e d  "high"  p r i o r i t y  p r o j e c t s  
would r e q u i r e  a  f u n d i n g  a p p r o p r i a t i o n  o f  a b o u t  $250,000.  I t  is a b u n d a n t l y  
c l e a r  t h a t  p e r c e i v e d  r e s e a r c h  n e e d s  must  somehow b e  ranked  i n  o r d e r  t o  
compete  s u c c e s s f u l l y  f o r  l i m i t e d  p u b l i c  fund ing  a l l o c a t i o n s .  The c r i t e r i a  
used  t o  r ank  t h e  " c a n d i d a t e s "  r e p r e s e n t  a  b a l a n c e  o f  i n t e r e s t s ,  and t h e r e f o r e  
s h o u l d  b e  a u s e f u l  g u i d e  t o  t h e  a g e n c i e s  o f  government r e s p o n s i b l e  f o r  
w a t e r  p l a n n i n g  and management. A p a r t i a l  l i s t i n g  o f  ongo ing  s t u d i e s  by 
t h e  North  Can te rbury  Catchment Board and t h e  Can te rbury  Uni ted  C o u n c i l ,  
and how t h e s e  r e l a t e  t o  t h e  recommended a r e a s  o f  r e s e a r c h  above ,  is  r e p o r t e d  
i n  Appendix 5. 
REFERENCES C I T E D  
Adams, J.A., Campbell, A.S., McKeegan, W . R . ,  and McPherson, R.J. ( 1 9 7 9 ) ,  
" N i t r a t e  and C h l o r i d e  i n  Groundwater,  S u r f a c e  Water and Deep S o i l  
P r o f i l e s  o f  C e n t r a l  C a n t e r b u r y ,  New Zealand".  P r o g r e s s  i n  Water 
Technology 11, ( 6 ) ,  pp. 351-360. 
Adams, J.A. (1981) ,  " I n f l u e n c e  o f  Land Use on N i t r a t e  Movement Through 
S o i l  P r o f i l e s  i n  Paparua County". A Research Report  p r e p a r e d  f o r  
t h e  North Canterbury Catchment Board,  C h r i s t c h u r c h .  
Ayrey, R.D. ,  Bowden, M.J. ( 1 9 8 2 ) ,  " C e n t r a l  Canterbury Underground Water 
Between t h e  Waimakariri  and Rakaia R i v e r s  - I t s  Source ,  A v a i l a b i l i t y  
and Q u a l i t y 1 ' .  Conference Paper  - New Zealand I n s t i t u t e  o f  E n g i n e e r s ,  
NCCB, C h r i s t c h u r c h .  
B lack ,  T .  (1978) ,  "Defending t h e  Environment".  New Zealand Law Review 
153. 
Bowden, M. (1982) ,  North Can te rbury  Catchment and Regional  Water Boards ,  
C h r i s t c h u r c h  ( p e r s o n a l  communicat ion) .  
Broadhead, R . G . ,  Hutchinson,  P.D. ( 1 9 8 0 ) ,  "Area1 Demand Aggregat ion Model 
(ADAM) U s e r ' s  Guide". Water and S o i l  S c i e n c e  Cen t re  Report  WS183, 
M i n i s t r y  o f  Works and Development, C h r i s t c h u r c h  ( I n t e r n a l  R e p o r t ) .  
Brown, W.A.N .  (1978) ,  "The Economics o f  I r r i g a t i o n  t o  t h e  Nation".  Paper 
d e l i v e r e d  t o  t h e  F i r s t  N a t i o n a l  I r r i g a t i o n  Conference,  Ashburton,  
11 A p r i l  1978. 
Rrown, W . A . N . ,  Hubbard, 1 . J .  ( 1 9 8 0 ) ,  "The Regional  Development Impacts  
o f  I r r i g a t i o n  Schemes". Paper  d e l i v e r e d  t o  Second N a t i o n a l  Conference 
o f  t h e  New Zealand I r r i g a t i o n  A s s o c i a t i o n ,  Oamaru, 15-17 A p r i l  1980. 
B r y a n t ,  M . G .  (1979) ,  "The New Zealand Q u i n n a t  Salmon F i s h e r y  Problems 
w i t h  M u l t i p l e  Use C o n f l i c t s  and Management", M.S. T h e s i s ,  U n i v e r s i t y  
o f  Canterbury and L inco ln  C o l l e g e ,  p.  190.  
B u r a s ,  N.  (1963) ,  "Conjunc t ive  O p e r a t i o n s  o f  Dams and Aqui fe r s" .  J o u r n a l  
o f  H y d r o l i c s ,  89 ,  pp. 107-129. 
Burden,  R.J. (1979) ,  " P r e d i c t i o n  o f  N i t r a t e  Leve l s  i n  Groundwater". 
Groundwater - a Symposium on C u r r e n t  Research i n  New Zea land ,  
M.J. Noonan ( E d ) ,  pp. 159-169. 
Burden,  R.J., Q u i n ,  B.F. ( 1 9 7 9 ) ,  "The E f f e c t  o f  Land Use and Hydrology 
on Groundwater Q u a l i t y  i n  Mid-Canterbury, N e w  Zealand1' .  P r o q r e s s  
i n  Water Technoloqy, Vol. 11, No. 6 .  
B u r t ,  O . R .  ( 1 9 7 4 ) ,  "Groundwater Management and S u r f a c e  Water Development 
f o r  I r r i g a t i o n " .  O p e r a t i o n s  Research S o c i e t y  o f  America and t h e  
I n s t i t u t e  o f  Management S c i e n c e s  J o i n t  Meeting P r o c e e d i n g s ,  San 
Juan ,  P u e r t o  Rico,  and "Temporal A l l o c a t i o n  o f  Groundwater" ( 1 9 6 7 ) ,  
Water Resources  Research,  3 ,  pp. 45-56. 
Cant, R.G. (Ed) (1980),  "People and P lann ing  i n  R u r a l  Communities", 
S tud ies  i n R u r a l  Chanqe No. 4, Ch r i s t chu rch .  
Canterbury U n i t e d  Counc i l  (1981a), Reg iona l  Development Seminar, A p r i l  
1981, Proceedings. Repor t  271, Ch r i s t chu rch .  
Canterbury U n i t e d  Counc i l  (1981b),  Canterbury Reqional  Economic Develop- 
ment Study. Staqe One Report .  Repor t  275a, Ch r i s t chu rch .  
Carkner,  R.W., Schaf fner ,  L. (1975),  " I r r i g a t i o n  and I t s  E f f e c t  on t h e  
%Community". Aqr. Econ. Report  No. 103, Agr. Expt .  S t a t i o n ,  N o r t h  
Dakota S t a t e  U n i v e r s i t y ,  Fargo. 
Church, D.F., David,  S.F. and Tay lo r ,  M.E.U. (1979),  "A Review o f  t h e  
H a b i t a t  Requirements o f  F i s h  i n  New Zealand R i ve rs " .  Water and 
S o i l  Techn ica l  P u b l i c a t i o n  No. 12, M i n i s t r y  o f  Works and Develop- 
ment, We l l ing ton .  48p. 
Commission f o r  t h e  Environment (1976),  "Waiau P l a i n s  I r r i g a t i o n  Scheme, 
Env i ronmenta l  Impact Aud i t " .  A Guide t o  Env i ronmenta l  Law i n  New 
Zealand, Government P r i n t e r ,  We l l i ng ton .  
Cro thers ,  C.C. (1980),  "Reivew o f  New Zealand S o c i a l  Impact S tud ies" .  
Paper p resen ted  t o  t h e  NZSA Conference, Hami l ton.  
Dan ie l ,  R.J. (1980a), "Lower Rakaia I r r i g a t i o n  Scheme". N a t i o n a l  Water 
and S o i l  Conservat ion Orqan isa t ion ,  Repor t  No. WS342, M i n i s t r y  o f  
Works and Development, Ch r i s t chu rch ,  35p. ( I n t e r n a l  Repor t ) .  
Dan ie l ,  R.J. (1980b), "Lower Rakaia I r r i g a t i o n  Scheme Design Repor t  1980". 
N a t i o n a l  Water and S o i l  Conserva t ion  Organ isa t ion ,  Repor t  No. WS452, 
M i n i s t r y  o f  Works and Development, Ch r i s t chu rch ,  23p. ( I n t e r n a l  
Repor t  ) . 
Daubert ,  J., Young, R.A. (1981),  "Rec rea t i ona l  Demands f o r  M a i n t a i n i n g  
Ins t ream Flows: A Cont ingen t  V a l u a t i o n  Approach". American J o u r n a l  
o f  A q r i c u l t u r a l  Economics, 63 (4 ) ,  pp. 666-676. 
Davis ,  S.F. (1979),  "F i sh  and F i s h e r y  Values o f  t h e  Rakaia R i v e r :  A 
P r e l i m i n a r y  Report". F i s h e r i e s  Env i ronmenta l  Report  No. 2, M i n i s t r y  
o f  A g r i c u l t u r e  and F i s h e r i e s ,  55p. 
Davis ,  S.F. (1982),  F i s h e r i e s  Research Lab., M i n i s t r y  o f  A g r i c u l t u r e  
and F i s h e r i e s ,  Ch r i s t chu rch  ( p e r s o n a l  communicat ion).  
D i s t r i c t  Commissioner o f  Works, "Community I r r i g a t i o n  Schemes, I n f o r m a t i o n  
f o r  I n t e r e s t e d  P a r t i e s " .  Pamphlet, Hami l ton.  
Docher ty ,  C.R., Lowe, W.L., Johnson, W.S. (1978) ,  "Hyd ro -e lec t r i c  Development 
and I t s  Impact on t h e  F i s h e r y  o f  t h e  Hurunu i  R i ve r fP .  F i s h e r i e s  
Management D i v i s i o n ,  M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  C h r i s t c h u r c h  
(unpub l i shed) .  
Douglass, M., Robson, S., Wi lson, A., Worth, M. (19791, "Rakaia Water 
Use and I r r i g a t i o n  Development : Recrea t ion ,  Landscape and P lann ing" .  
J o i n t  Report  o f  Gabites,  A l i n g t o n  and Edmondson, Consu l tan ts ,  and 
t h e  Envi ronmenta l  Design Sec t ion ,  M i n i s t r y  o f  Works and Development, 
Chr is tchurch ,  98p. 
E g a r r ,  G . D . ,  E g a r r ,  J.H. ( 1 9 8 1 ) ,  " N e w  Zealand R e c r e a t i o n a l  R iver  Survey,  
Volume 3 - South I s l a n d  R i v e r s " .  Water and S o i l  Misce l l aneous  
P u b l i c a t i o n  No. 15 ,  M i n i s t r y  o f  Works and Development, Wel l ing ton .  
E g g l e s t o n ,  D.  ( 1 9 7 2 ) ,  "New Zealand Q u i n n a t  Salmon - t h e  marine  phase  
and some problems". In :  Hardy, C.J. (Ed);  South I s l a n d  Counci l  
of  A c c l i m a t i s a t i o n  S o c i e t i e s  Proceed inqs  o f  t h e  Q u i n n a t  Salmon 
F i s h e r y  Symposium. N . Z .  Marine Department F i s h e r i e s  T e c h n i c a l  
Report  No. 83 ,  Wel l ing ton ,  New Zealand.  pp 68-77. 
Eldon,  G . A .  (1979) ,  "Can t h e  Can te rbury  Mudfish Survive?" .  Catch ' 79  
6 ( 2 )  :19. 
Evans,  M.  ( 1 9 7 7 ) ,  "The E f f e c t  o f  I r r i g a t i o n  on L i g h t  Land Development 
i n  Mid-Canterbury". M.A.  T h e s i s ,  Department o f  Geography, U n i v e r s i t y  
o f  Canterbury.  
Evans,  M . ,  Cant ,  R . G .  ( 1 9 8 1 a ) ,  "The E f f e c t  o f  I r r i g a t i o n  on Farm Produc t ion  
and Rural  S e t t l e m e n t  P a t t e r n s  i n  Mid-Canterbury: A Comparison o f  
I r r i g a t i o n  and Dryland Farming i n  t h e  Lyndhurs t -Pendarves  a r e a s ,  
1945-1976". N . Z .  Geographer ,  Vol. 38 No. 1. 
Evans ,  M . ,  Cant ,  G .  (1981b) ,  "The E f f e c t  o f  I r r i g a t i o n  on Farm P r o d u c t i o n  
and Rural  S e t t l e m e n t  i n  Mid-Canterbury". N . Z .  Geographer ,  Vol. 37 
No. 2 ,  October ,  pp. 58-65. 
Field-Dodgson, M.  (1979) ,  "The Use o f  F i s h  Screens" .  F reshwate r  Catch 5 
(Summer 1979) :  14-15. 
F i t z g e r a l d ,  P.D.  ( 1 9 7 0 ) ,  " I r r i g a t i o n  on t h e  Canterbury P l a i n t s " .  Misc. 
Pub., Winchmore I r r i g a t i o n  S t a t i o n ,  Can te rbury .  
F l a i n ,  M. ( 1 9 7 2 ) ,  "The L i f e  H i s t o r y  o f  Q u i n n a t  Salmon, w i t h  P a r t i c u l a r  
Refe rence  t o  New Zealand Waters".  In :  Hardy, C.J. ( E d ) ;  South  
I s l a n d  Council  o f  A c c l i m a t i s a t i o n  S o c i e t i e s  Proceed inqs  o f  t h e  
Q u i n n a t  Salmon F i s h e r y  Symposium. N . Z .  Marine Department F i s h e r i e s  
T e c h n i c a l  Report  No. 83 ,  W e l l i n g t o n ,  N . Z .  pp. 52-67. 
Fookes,  T . W .  ( 1 9 7 9 ) ,  "Moni tor ing S o c i a l  and Economic Impact :  Hunt ly  
Case Study".  Huntly Moni to r ing  P r o j e c t ,  Hamilton.  
F r a s e r ,  J.C. (1978) ,  "Suqqes t ions  f o r  Developinq Flow Recommendations 
. - 
f o r  Ins t ream Uses o f - ~ e w  Zealand Streams".  Water and S o i l  Misce l l aneous  
Report  No. 6 ,  M i n i s t r y  o f  Works and Development, W e l l i n g t o n .  
F r e n g l e y ,  G . A . G .  ( 1 9 7 9 ) ,  "Water Demand and I r r i g a t i o n  Inves tment  w i t h  
Reference t o  t h e  Proposed Rakaia  I r r i g a t i o n  Scheme", Ph.D. T h e s i s ,  
L i n c o l n  C o l l e g e ,  Can te rbury .  
Galloway, J.R. (19761, "Salmon Research a t  G l e n a r i f f e " .  F i s h e r i e s  Research 
D i v i s i o n  In format ion  L e a f l e t  No. 8 ,  M i n i s t r y  o f  A g r i c u l t u r e  and 
F i s h e r i e s ,  C h r i s t c h u r c h ,  17p.  
Geography Department ( 1 9 8 0 ) ,  "County o f  Malvern H o u s e h o l d e r ' s  Survey".  
Department o f  Geography, Can te rbury  U n i v e r s i t y ,  C h r i s t c h u r c h .  
G i l l i e s ,  A .  ( 1 9 7 7 a ) ,  " S o c i a l  and Demographic Consequences o f  I r r i g a t i o n  
Development i n  t h e  Kakanui-Wairareka Catchments and Lower Wai tak i  
P l a i n s ,  North Otago, New Zealand.  A Compari t ive  Study".  M . A .  T h e s i s ,  
U n i v e r s i t y  o f  Otago. 
Gillies, A .  (1977b) ,  "Demographic and S o c i a l  Consequences o f  I r r i g a t i o n  
Development i n  North Otago". Paper  p r e s e n t e d  t o  t h e  Ninth New Zealand 
Geography Conference,  pp. 46-49. 
Glova,  G.  ( 1 9 8 1 ) ,  "Rakaia River  Programme1'. F reshwate r  Catch 1 2  ( S p r i n g  
1 9 8 1 ) :  20-22. 
Glova, G .  ( 1 9 8 2 ) ,  F i s h e r i e s  Research Lab.,  M i n i s t r y  o f  A g r i c u l t u r e  and 
F i s h e r i e s ,  C h r i s t c h u r c h  ( p e r s o n a l  communicat ion) .  
Gluck, R.J. ( 1 9 7 4 ) ,  "An Economic E v a l u a t i o n  o f  t h e  Rakaia F i s h e r y  a s  
a  R e c r e a t i o n a l  Resource", M.S. T h e s i s ,  U n i v e r s i t y  o f  Can te rbury  
and L i n c o l n  Col lege .  
Graynoth,  E., S k r z y n s k i ,  W. ( 1 9 7 3 ) ,  "The Ashburton Trou t  and Salmon F i s h e r y " .  
F i s h e r i e s  Techn ica l  Report  No. 88 ,  M i n i s t r y  o f  A q r i c u l t u r e  and 
- 
F i s h e r i e s ,  Wel l ing ton ,  21p. 
Graynoth,  E .  ( 1 9 7 4 ) ,  "New Zealand Anql ing 1947-1968, An Assessment o f  
t h e  N a t i o n a l  Angling Diary and P o s t a l  Q u e s t i o n n a i r e  Schemes". 
F i s h e r i e s  Techn ica l  Report  No. 1 3 5 ,  M i n i s t r y  o f  A g r i c u l t u r e  and 
F i s h e r i e s ,  Wel l ing ton ,  70p. 
Graynoth,  E . ,  S k r z y n s k i ,  W .  (19741, "The North Canterbury Trout  and Salmon 
F i s h e r y " .  F i s h e r i e s  T e c h n i c a l  Repor t  No. 90,  M i n i s t r y  o f  A g r i c u l t u r e  
and F i s h e r i e s ,  Wel l ing ton ,  41p. 
Green ley ,  D .A . ,  Walsh, R . G . ,  Young, R . A .  ( 1 9 8 1 ) ,  "Option Value: E m p i r i c a l  
Evidence from a  Case Study o f  R e c r e a t i o n  and Water Q u a l i t y " .  Q u a r t e r l y  
J o u r n a l  o f  Economics, November, pp. 657-673. 
Greer ,  J .P .  ( 1 9 8 2 ) ,  "Motivat ion and Other  F a c t o r s  I n f l u e n c i n g  t h e  Adoption 
o f  P r a c t i c e s  by Sheep Farmers i n  Oxford County, New Zealand".  M.S. 
T h e s i s ,  L inco ln  C o l l e g e ,  C a n t e r b u r y .  
H a d f i e l d ,  S.M., Johnson, R . W . M . ,  Le Couteur ,  H.  (1974a) ,  "Rakaia Area 
Can te rbury  - A P r o d u c t i v i t y  Study o f  I r r i g a t i o n " .  Economics D i v i s i o n ,  
M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  Wel l ing ton ,  78p. 
H a d f i e l d ,  S.M., Johnson,  R . W . M . ,  Le Couteur ,  H .  (1974b) ,  " A  P r o d u c t i v i t y  
Study o f  I r r i g a t i o n ,  C e n t r a l  P l a i n s  Canterbury" .  Economics D i v i s i o n ,  
M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  Wel l ing ton ,  85p. 
Hanks, R.J. and H i l l ,  R.W.  (1980) ,  "Model l ing Crop Responses t o  I r r i g a t i o n  
i n  R e l a t i o n  t o  S o i l s ,  C l imate  and S a l i n i t y " .  Pub. No. 6 ,  I n t e r n a t i o n a l  
I r r i g a t i o n  In format ion  C e n t r e ,  Pergamon P r e s s ,  N e w  South Wales. 
Hardy, D . J .  ( 1 9 7 5 ) ,  Submission No. 6 .  I n :  NZED ( 1 9 7 5 ) ,  W i l b e r f o r c e  
River  D i v i s i o n  i n t o  Lake C o l e r i d g e ,  Environmental  Impact Repor t .  
Haveman, R., K r u t i l l a ,  J.V. (1968),  Unemployment, I d l e  Capaci ty ,  and 
t h e  E v a l u a t i o n  o f  P u b l i c  Expend i t u res  : N a t i o n a l  and Req iona l  Analyses, 
John Hopkins U n i v e r s i t y  Press, Ba l t imo re .  
Hay, R. (1979),  "The W r y b i l l  - One o f  t h e  Wor ld ' s  O r n i t h o l o g i c a l  Odd i t i es " .  
F o r e s t  and B i r d  13 ( 3 )  (Augus t ) :  13-17. 
Ho l ing ,  C.S. (1978),  Adapt ive Env i ronmenta l  Assessment and Manaqement, 
John Wi ley and Sons, Ch iches te r ,  England. 
Hoppe, R .  (1978),  B u i l d i n q  a Non-Met ropo l i tan  Input -Output  Model: 
M inneso ta 's  Region S i x  East" .  Techn i ca l  B u l l e t i n  313, Ag. Exp t .  
S t a t i o n ,  U n i v e r s i t y  o f  Minnesota.  
Houghton, R. M. (1980),  "Lower W a i t a k i  Communities Study". MWD Techn ica l  
Report ,  Dunedin, December. 
Houghton, R.M. (1982),  Personal  Communication. 
Howe, C.W. (1976), "The E f f e c t s  o f  Water Resource Development on Reg iona l  
Growth". Working Paper WP-76-22. I n t e r n a t i o n a l  I n s t i t u t e  f o r  App l i ed  
Systems Ana lys is ,  Luxenberg. 
Hubbard, L.J., Brown, W.A.N. (1979) ,  "The Regional  Impacts o f  I r r i g a t i o n  
Development i n  t h e  Lower Wai tak i " .  Research Report  No. 99, A.E.R.U., 
L i n c o l n  Col lege,  Canterbury.  
Hubbard, L.J., Brown, W.A.N. (1981) ,  " M u l t i p l i e r s  f rom Regional  Non-Survey 
Input -Output  Tables f o r  New Zealand". Research Report  No. 117, 
A.E.R.U., L i n c o l n  Col lege,  Canterbury.  
Huber, D.G.(1973), "Water Resource Development f o r  Expanded I r r i g a t e d  
A g r i c u l t u r e  on t h e  Canterbury P l a i n s " .  L i n c o l n  Papers i n  Water 
Resources No. 11, New Zealand A g r i c u l t u r a l  Eng ineer ing  I n s t i t u t e ,  
L i n c o l n  Col lege,  Canterbury.  
Hughey, D.J. (1972),  "What's i n  i t  f o r  t h e  Anqler?" I n :  Hardy, C.J. 
- 
(Ed) ;  South I s l a n d  Counc i l  o f  ~ c c l i m a t i s a t i o n  S o c i e t i e s  ~ r o c e e d i n ~ s  
o f  t h e  Qu inna t  Salmon F i s h e r y  Symposium. N.Z. Marine Department 
F i s h e r i e s  Techn ica l  Report  No. 83, We l l ing ton ,  N.Z., pp. 251-261. 
Hughey, K.F.D. (1980),  " H y d r o l o g i c a l  Aspects o f  Brown T rou t  Management 
i n  t h e  Selwyn R i ve r  System, Canterbury,  New Zealand". M.Sc. Thesis,  
J o i n t  Centre f o r  Env i ronmenta l  Sciences, U n i v e r s i t y  of  Canterbury 
and L i n c o l n  Col lege,  Ch r i s t chu rch .  
Hughey, K.F.D. (1981),  "Resu l ts  f rom an A t t i t u d e  Survey o f  New Zealand 
Salmon Ang le rs  Assoc ia t i on  Members i n  1980". I n  D r a f t .  Ch r i s t chu rch .  
Hughey, K.F.D. (1982),  Pres iden t ,  New Zealand Salmon Ang le rs  Assoc ia t i on ,  
C h r i s t c h u r c h  (Personal  Communication). 
I b b i t t ,  R.P. (1979),  "Flow Repor t  f o r  Rakaia R i v e r  a t  Gorge, S i t e  Number 
68302, f o r  p e r i o d  18.12.57 t o  1.1.79". N a t i o n a l  Water and S o i l  
Conserva t ion  Orqan isa t ion ,  Repor t  No. WSFR 1, M i n i s t r y  o f  Works 
and Development, Ch r i s t chu rch ,  58p. ( I n t e r n a l  Report  ) . 
I b b i t t ,  R.P. ( 1 9 8 0 ) ,  "Flow E s t i m a t i o n  i n  a n  U n s t a b l e  R iver  I l l u s t r a t e d  
on t h e  Rakaia  River  f o r  t h e  p e r i o d  1958-1978". New Zealand J o u r n a l  
o f  Hydrology,  1 8 ( 2 ) ,  pp. 88-108. 
J o y n e r ,  T.  (1981 ) , "Re tu rn ing  Salmon Swamp J a p a n e s e  H a t c h e r i e s " .  F i s h  
Farminq J o u r n a l ,  Uni ted  Kingdom, December. 
Ke l so ,  M . M . ,  M a r t i n ,  W.E. ,  Mack, L . E .  ( 1 9 7 3 ) ,  "Water S u p p l i e s  and Economic 
Growth i n  a n  Arid  Environment : An Ar izona  Case Study". U n i v e r s i t y  
o f  Arizona P r e s s ,  Tucson. 
K i r k ,  R.M., Owens, I . F . ,  Kelk ,  J.G. ( 1 9 7 7 ) ,  "River  S u p p l i e s  o f  C o a s t a l  
Sediment i n  Can te rbury  and t h e  Role o f  Low Flows i n  L i t t o r a l  By- 
P a s ~ i n q ' ~ .  Paper  p r e s e n t e d  a t  New Zea land  H y d r o l o g i c a l  S o c i e t y  Annual 
Symposium, C h r i s t c h u r c h ,  N e w  Zea land .  9 p .  
L e a t h e r ,  D (1980) ,  "Water Demand on t h e  Rakaia" .  S o i l  and Water Vol. 1 6 ( 3 ) :  
17-21. June.  
L e a t h e r s ,  K . L . ,  Holmes, S. (1981) ,  " N o n - s t r u c t u r a l  Approaches t o  Salmon 
F i s h e r y  Enhancement i n  New Zealandt1 .  ( I n  d r a f t ) ,  A . E . R . U . ,  L i n c o l n  
C o l l e g e ,  Can te rbury .  
L e a t h e r s ,  K . L . ,  Hughey, K . ,  S e v i l l e - S m i t h ,  K . ,  She lby ,  B .  ( 1 9 8 2 ) ,  "Angler 
P r e f e r e n c e  and C a r r y i n g  C a p a c i t i e s  f o r  Varying Rakaia  River  Flows".  
Research i n  p r o g r e s s ,  A g r i c u l t u r a l  Economics Research U n i t ,  L i n c o l n  
C o l l e g e ,  Can te rbury .  
Le Page,  D. ( 1 9 8 0 a ) ,  An Ex-Nunc Study o f  t h e  Lower Wai taki  I r r i g a t i o n  
Scheme. Resource  Use Paper  20/80, Economics D i v i s i o n ,  M i n i s t r y  
o f  A g r i c u l t u r e  and F i s h e r i e s ,  C h r i s t c h u r c h .  
Le Page,  D. (1980b) ,  A Cost  B e n e f i t  A n a l y s i s  o f  t h e  Lower Rakaia I r r i q a t i o n  
Scheme. Economics D i v i s i o n ,  M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  
C h r i s t c h u r c h .  
Le Page,  D. ( 1 9 8 1 a ) ,  Lower Rakaia I r r i g a t i o n  Scheme: S e n s i t i v i t y  t o  
Development Rate .  I n t e r n a l  Paper  4 /81 ,  Economics D i v i s i o n ,  M i n i s t r y  
o f  A g r i c u l t u r e  and F i s h e r i e s ,  C h r i s t c h u r c h .  
Le Page,  D.  (1981b) ,  An Economic E v a l u a t i o n  o f  t h e  Proposed Balmoral  
I r r i q a t i o n  Scheme. Resource Use Paper  4 /81 ,  Economics D i v i s i o n ,  
M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  C h r i s t c h u r c h .  
Le Page,  D.  ( 1 9 8 1 c ) ,  A Review o f  I r r i q a t i o n  Ex-Post S t u d i e s .  I n t e r n a l  
Paper  8/81. Economics D i v i s i o n ,  M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  
C h r i s t c h u r c h .  
Le Page,  D . ,  R i t c h i e ,  I .J .  (1980) ,  " P l a n n i n g  Repor t  f o r  t h e  Lower Raka ia  
I r r i g a t i o n  Scheme", I n t e r n a l  Paper  3 /80,  Economics D i v i s i o n ,  
Resource  S e c t i o n ,  M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  C h r i s t c h u r c h ,  
35p. 
Lewthwaite,  W.  ( 1 9 8 2 ) ,  Water and S o i l  D i v i s i o n ,  M i n i s t r y  o f  Works and 
Development, C h r i s t c h u r c h ,  ( P e r s o n a l  Communication). 
Lord,  P. (1979) ,  A F i n a n c i a l  I n v e s t i q a t i o n  o f  I r r i g a t i o n  Scheme O p t i o n s  
i n  t h e  Lower Rakaia Area. M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  
Ashburton.  
Maass, A . ,  Anderson, R . L .  ( 1 9 7 8 ) ,  "And t h e  D e s e r t  S h a l l  Re jo ice :  C o n f l i c t ,  
Growth and J u s t i c e  i n  Arid Environments1' .  M.I.T. P r e s s ,  Cambridge, 
Mass. 
Maidment, D . R . ,  Lewthwaite,  W.J., Hamblet t ,  S.G. ( 1 9 8 0 ) ,  "Rakaia Water 
Use and I r r i g a t i o n  Development". Water and S o i l  Misce l l aneous  P u b l i -  
c a t i o n  No. 19 ,  M i n i s t r y  of  Works and Development, Wel l ing ton ,  47p. 
Mandel l ,  S. ( 1 9 7 4 ) ,  "The Groundwater Resources  o f  t h e  Canterbury P l a i n s " .  
L i n c o l n  Papers  i n  Water Resources ,  No. 1 2 ,  N . Z .  A g r i c u l t u r a l  E n g i n e e r i n g  
I n s t i t u t e ,  L inco ln  C o l l e g e ,  Can te rbury .  
M a r s h a l l ,  J . ,  Kinsky, F.C., Rober t son ,  C . J . R .  (1972) ,  The F i a t  Book o f  
Common B i r d s  i n  New Zealand 1. Town P a s t u r e  and Freshwater  B i r d s .  
A . H .  and A.W.  Reed, Wel l ing ton ,  96p. 
M a r s h a l l ,  J . ,  Kinsky, F.C., Rober tson,  C . J . R .  ( 1 9 7 3 ) ,  The F i a t  Book o f  
Common B i r d s  i n  New Zealand 2. Mountain,  Bush and Shore B i r d s .  A . H .  
and A.W. Reed, Wel l ing ton .  96p. 
Mar t in ,  G . N . ,  Noonan, M.J. ( 1 9 7 7 ) ,  " E f f e c t s  o f  Domestic Wastewater,  D i s p o s a l  
by Land I r r i g a t i o n  on Groundwater Q u a l i t y  o f  t h e  C e n t r a l  Can te rbury  
P l a i n s " ,  Water and S o i l  T e c h n i c a l  P u b l i c a t i o n  No. 7 .  Water and S o i l  
D i v i s i o n ,  M i n i s t r y  of  Works and Development, Wel l ing ton .  
Mathieson,  A . R .  (1976) ,  "The Decision-Making P r o c e s s  o f  t h e  Lower Wai tak i  
Farmer: A Behav ioura l  Approach". B .A .  (Hons) T h e s i s ,  Department 
o f  Geography, U n i v e r s i t y  of  Otago. 
Mathieson,  A . R .  (1977) ,  " S o c i a l  Impact Assessment - Some C u r r e n t  Research 
Problems".  Otaqo Geoqrapher,  No. 8 ,  October .  
McChesney, I.G., Sharp,  B.M.H.  ( 1 9 8 0 ) ,  "The Energy I m p l i c a t i o n s  of t h e  
Proposed Lower Rakaia I r r i g a t i o n  Scheme: River  Supply S e c t i o n " .  
J o i n t  C e n t r e  f o r  Environmental  S c i e n c e s ,  U n i v e r s i t y  o f  Can te rbury  
and L i n c o l n  Col lege ,  C h r i s t c h u r c h .  
McDermott A s s o c i a t e s  ( 1 9 8 1 ) ,  Development D i r e c t i o n s  f o r  t h e  Can te rbury  
Reqion. Town and Country P l a n n i n g  D i v i s i o n ,  M i n i s t r y  o f  Works and 
Development, Wel l ing ton .  
McDowall, R .M.  ( 1 9 7 8 ) ,  " N e w  Zealand Freshwate r  F i s h e s " .  Heinemann E d u c a t i o n a l  
Books, Auckland, New Zealand.  230p. 
McDowall, R.M. (1980) ,  "Guide t o  F r e s h w a t e r  F i s h e s .  P a r t  IX. Family 
G a l a x i i d a e :  The mudfishes" .  F r e s h w a t e r  Catch 8 ( S p r i n g  1980) :  14-15. 
McFadden, G.  ( 1 9 8 2 ) ,  Farm Advisory S e r v i c e ,  M i n i s t r y  o f  A g r i c u l t u r e  and 
F i s h e r i e s ,  C h r i s t c h u r c h .  ( P e r s o n a l  Communication). 
Mills, S . J .  ( 1 9 7 9 ) ,  "Environmental  Impact R e p o r t i n g  i n  New Zealand".  - New 
Zealand Law J o u r n a l ,  472-515. 
M i n i s t r y  o f  Works and Development ( 1 9 7 5 ) ,  Waiau P l a i n s  I r r i q a t i o n  Scheme 
Environmental  Impact Report .  October .  
Mosley, P. ( 1 9 8 2 ) ,  Sc ience  C e n t r e ,  M i n i s t r y  o f  Works and Development, 
C h r i s t c h u r c h ,  ( p e r s o n a l  communication).  
N a t i o n a l  Water and S o i l  Conserva t ion  O r g a n i s a t i o n  ( 1 9 7 1 ) ,  " I r r i g a t i o n  i n  
New Zealand: A Review of  Po l icy" .  Water and S o i l  D i v i s i o n ,  M i n i s t r y  
o f  Works and Development, Wel l ington.  
New Zealand Census o f  P o p u l a t i o n  and Dwel l ings  ( 1 9 8 1 ) ,  Vol. 1 8 ,  P r o v i s i o n a l  
R e s u l t s .  
New Zealand Department o f  I n t e r n a l  A f f a i r s  ( 1 9 7 8 ) ,  "Forms o f  F i n a n c i a l  
A s s i s t a n c e  A v a i l a b l e  t o  Local  A u t h o r i t i e s t f .  November. 
New Zealand E l e c t r i c i t y  Department (1975) ,  f f W i l b e r f o r c e  River  D i v e r s i o n  
i n t o  Lake C o l e r i d g e .  Environmental  Impact Report .  46p. 
New Zealand Government ( 1 9 7 9 ) ,  " A g r i c u l t u r a l  S t a t i s t i c s " .  Government P r i n t e r ,  
Wel l ing ton .  
New Zealand Government ( 1 9 5 9 ) ,  "Report  o f  t h e  I r r i g a t i o n  Committee". Chairman 
Mr J.B.F. C o t t e r i l l ,  Government P r i n t e r ,  W e l l i n g t o n .  
New Zealand M i n i s t r y  o f  Energy (1980) ,  "1980 Energy P lan" .  Government 
P r i n t e r ,  Wel l ington.  75p. 
New Zealand P u b l i c  Works Department ( 1 9 4 5 ) ,  "Water P u t  t o  Work". P u b l i c a t i o n  
i s s u e d  under  t h e  A u t h o r i t y  o f  t h e  Hon. R.  Semple,  M i n i s t e r  o f  Works. 
Government P r i n t e r ,  Wel l ing ton .  
Noel, J.E., Gardner ,  B . D . ,  Moore, C . V .  ( 1 9 8 0 ) ,  "Opt iona l  Reqional  C o n j u n c t i v e  
Water Management". American J o u r n a l  o f  ~ ~ r i b u l t u r a l  ~ c o n o m i c s ,  August .  
pp. 489-498. 
North Can te rbury  A c c l i m a t i s a t i o n  S o c i e t y  ( 1 9 8 1 ) ,  "Annual Report  1981". 
C h r i s t c h u r c h .  
North Can te rbury  A c c l i m a t i s a t i o n  S o c i e t y  ( 1 9 8 2 ) ,  "Water Annual Repor t  1982". 
C h r i s t c h u r c h .  
North Can te rbury  Catchment and Regional  Water Boards  ( 1 9 7 4 ) ,  "Rakaia River  
Management Plan" .  Unpublished r e p o r t ,  C h r i s t c h u r c h .  
North Can te rbury  Catchment and Regional  Water Boards  ( 1 9 8 2 ) ,  S t a f f  Estimates, 
North Can te rbury  Catchment and Regiona l  Water Boards ,  C h r i s t c h u r c h ,  
( p e r s o n a l  communication ) . 
OCTA A s s o c i a t e s  ( 1 9 7 6 ) ,  North Can te rbury  A c c l i m a t i s a t i o n  S o c i e t y  Survey,  
30p. 
P a r k e r ,  D . J . ,  Penning-Rowsell, E .C .  ( 1 9 8 1 ) ,  Water P lann inq  i n  B r i t a i n .  
Repor t  No. 1, The Resource Management S e r i e s ,  A l l e n  and Unwin P r e s s ,  
London. 
P a r r o t t ,  A.W.  ( 1 9 7 1 ) ,  "The Age and Ra te  o f  Growth o f  Q u i n n a t  Salmon (Oncorhynchus 
t s h a w y t s c h a ,  Walbaum) i n  New Zealand".  New Zealand Marine Department 
F i s h e r i e s  Techn ica l  Report  No. 63,  Wel l ing ton ,  New Zealand. 
P h i l p o t t ,  W.J .L.  (1980) ,  "Rakaia Water Use and I r r i g a t i o n  Development: 
Matching Supply and Demand f o r  Water from t h e  Rakaia River t ' .  Repor t  
No. WS 114 ,  M i n i s t r y  o f  Works and Development, C h r i s t c h u r c h .  ( I n t e r n a l  
R e p o r t ) .  
Power, C . R . ,  Broadhead, R . G . ,  Hutchinson,  P.D. (1980) ,  " I r r i g a t i o n  Demand 
Assessment Model (IDAM) User's Guide and T e c h n i c a l  Refe rence  Manual", 
Water and S o i l  Sc ience  Cen t re  Repor t  WS 182 ,  M i n i s t r y  of  Works and 
Development, C h r i s t c h u r c h .  ( I n t e r n a l  R e p o r t ) .  
Quin ,  B.F. ( 1 9 7 9 ) ,  "The E f f e c t s  o f  S u r f a c e  I r r i g a t i o n  on Drainage and 
Groundwater Q u a l i t y f ' .  Groundwater - A ~ ~ m ~ o s i u m  on c u r r e n t  Research 
i n  New Zealand.  M.J. Noonan ( e d ) .  pp 139-147. 
Q u i n ,  B.F., Burden,  R.J. (1979) ,  "The E f f e c t s  o f  Land Use and Hydrology 
on Groundwater Q u a l i t y  i n  Mid-Canterbury, New Zealand". P r o q r e s s  
i n  Water Technoloqy 1 1 ( 6 ) ,  pp. 433-448. 
Q u i n ,  B.F. ( 1 9 8 1 ) ,  " I r r i g a t i o n "  I n  "The E f f e c t s  o f  Land Use on Water 
Q u a l i t y  - A Review". Water and  S o i l ,  Misce l l aneous  P u b l i c a t i o n  No. 23. 
Water and S o i l  D i v i s i o n ,  M i n i s t r y  o f  Works and Development, Wel l ing ton .  
Randa l l ,  A .  ( 1 9 8 1 ) ,  Resource Economics : An Economic Approach t o  N a t u r a l  
Resources  and Environmental  P o l i c y ,  Gr id  P u b l i s h i n g  I n c . ,  Columbus 
Ohio. 
R ickard ,  D . ,  Hayman, J . ,  S t o k e r ,  L .  ( 1 9 8 1 ) ,  "Research Comment". New Zealand 
Geographer ,  Vol. 37 No. 2,  October .  66p. 
Robinson, K .  ( 1 9 8 0 ) ,  Town P lann ing  Law i n  New Zealand. Auckland U n i v e r s i t y  
P r e s s ,  Auckland. 
Ross,  B. ( 1 9 7 3 ) ,  "A Case f o r  A g r i c u l t u r e "  I n  Otago Counci l  Regional  Develop- 
ment i n  New Zealand,  P roceed ings  of  t h e 1 9 7 3  Development Seminar ,  
Dunedin, 14-15 March. pp 50-59. 
R u s s e l l ,  C.S. ( 1 9 7 5 ) ,  E c o l o q i c a l  Model l ing i n  a Resource Manaqement Framework. 
Johns  Hopkins U n i v e r s i t y  P r e s s ,  B a l t i m o r e .  
S a g a r ,  P. ( 1 9 7 9 ) ,  "Rakaia Scheme Lacks D e t a i l s " .  F reshwate r  Catch 5 ,  Summer 
1979: 1 2 .  
Schramm, G.  ( 1 9 8 0 ) ,  " I n t e g r a t e d  River  Bas in  P l a n n i n g  i n  a H o l i s t i c  Universe" .  
N a t u r a l  Resources  J o u r n a l ,  Vol. 20. pp 787-804. 
S c o t t ,  G.M. ( 1 9 7 8 ) ,  "The Development and A p p l i c a t i o n  of A n a l y t i c a l  Techniques  
f o r  P l a n n i n g  o f  I r r i g a t i o n  Systems".  Ph.D. T h e s i s ,  Department o f  
A g r i c u l t u r a l  Engineer ing ,  L inco ln  C o l l e g e ,  Canterbury.  
S h a d b o l t ,  N. ( 1 9 8 2 ) ,  Farm Advisory S e r v i c e ,  M i n i s t r y  o f  A g r i c u l t u r e  and 
F i s h e r i e s ,  C h r i s t c h u r c h  ( p e r s o n a l  communicat ion) .  
Smart, G.M. (1978), "The Development and A p p l i c a t i o n  o f  A n a l y t i c a l  Techniques 
fo r  Planning o f  I r r i g a t i o n  Systems". Ph.D. Thesis, Department o f  
A g r i c u l t u r a l  Engineering, L i n c o l n  Col lege,  Canterbury. 
Smith, S.A. (1977), "Fecundity Studies on t h e  N.Z. Quinnat Salmon i n  t h e  
Rakaia R iver ,  Canterbury i n  R e l a t i o n  t o  F i s h  Stock Management". 
M.Sc. Thesis, J o i n t  Centre fo r  Environmental Sciences, U n i v e r s i t y  
o f  Canterbury, Chr is tchurch,  New Zealand. 95p. 
Snodgrass, A.F. (1978), "Finance f o r  I r r i g a t i o n  Development". New Zealand 
I r r i g a t i o n  Associat ion,  I r r i g a t i o n  Conference. pp 240-244. 
Southern Energy Group (1975), "Hydro Energy and I r r i g a t i o n :  Rakaia R iver  
Concept Study". New Zealand Energy Research and Development Committee, 
Report No. 6, Volumes 1 (90p.) and 2 (19p.).  
Southern Energy Group (1979), "Rakaia R ive r  I r r i g a t i o n  and Mod i f i ed  Power 
Proposals: Addendum t o  Concept Study". 32p. 
Sta lnaker ,  C.B. (1980), "Myths Concerning Inst ream Flows", (ed. by G. Glova).  
Freshwater Catch 7, Winter 1980: 14-15. 
Stephen, G.D. (1972), "The Water Resources o f  t h e  Rakaia Catchment". Nor th  
Canterbury Catchment Board, Chr is tchurch  42p. 
Stewart, J.D. (1963). "The Comparative P r o f i t a b i l i t y  and P r o d u c t i v i t y  o f  
a Sample o f  I r r i g a t e d  and Non- I r r iga ted  Farms i n  the  Ashburton-Lyndhurst 
Area of  Mid-Canterbury, New Zealand". L i n c o l n  Papers on Water Resources 
No. 1, New Zealand A g r i c u l t u r a l  Eng ineer ing  I n s t i t u t e ,  L i n c o l n  Col lege, 
Canterbury. 
Teirney, L. (1980), "The Na t iona l  Angler Survey", Freshwater Catch 8, 
pp. 17-18. 
Teirney, L. (1981), "Recreat ional  Eva lua t i on  and P r o t e c t i o n  o f  Salmon F i s h i n g  
Rivers"  I n  Proceedings o f  t he  Salmon Symposium, F i s h e r i e s  Research 
D i v i s i o n  Occasional  P u b l i c a t i o n  No. 30, M i n i s t r y  o f  A g r i c u l t u r e  and 
F i she r ies ,  Wel l ington,  pp. 36-41. 
The Jaycee Research Committee, Rakaia (1974), Chr is tchurch ,  Canterbury. 
Thorpe, H.R. (1979), "The Present S ta tus  o f  Knowledge o f  t he  Groundwater 
Resources o f  t h e  Ashburton-Rakaia Region". Water and S o i l  Science 
Centre Report WS 165, M i n i s t r y  o f  Works and Development, Chr is tchurch  
( I n t e r n a l  Report ) .  
Thornton, I .L.  (1981), M i l k  Product ion Survey: Southern Marlborough, Canterbury, 
Nor th  Otaqo. Da i r y  D iv i s ion ,  M i n i s t r y  o f  A g r i c u l t u r e  and F i she r ies ,  
Wel l ington.  
Todd, P. (1981), "Large Ee ls  - An Endangered Species?". Freshwater Catch 
10, Autumn 1981: 5-6. 
-
Turbot t ,  E.G. (1969), "Nat ive B i rds" .  I n  Knox, G.A. (ed) ,  The Na tu ra l  
H i s t o r y  o f  Canterbury, A.H. and AY. Reed, Me l l i ng ton ,  pp. 426-434. 
Unwin, M .  ( 1980a) ,  "Rakaia Angler Survey1' .  F r e s h w a t e r  Catch 6 ,  pp. 9-10. 
Unwin, M .  ( 1980b) ,  "Rakaia Angling Logbook R e s u l t s " .  F reshwate r  Catch 9 ,  
p.  5.  
Unwin, M.  (1981) ,  "Rakaia Angler Survey".  F r e s h w a t e r  Catch 1 2 ,  pp.  3-4. 
Wai tak i  Catchment Commission and Reg iona l  Water Board ( 1 9 7 8 ) ,  "Lower Wai tak i  
P r e l i m i n a r y  Resource  Study1' ,  August .  
War r ing ton ,  A.J. ( 1 9 8 0 ) ,  "P lann ing  o f  I r r i g a t i o n  Schemes". I r r i g a t i o n  Confer-  
e n c e  P a p e r s ,  Ashburton.  
Water and S o i l  D i v i s i o n ,  M i n i s t r y  o f  Works and Development (1975) ,  "Waiau 
P l a i n s  I r r i g a t i o n  Scheme: Env i ronmenta l  Impact Assessment",  C h r i s t c h u r c h ,  
September.  
Wilson,  D.D.  ( 1 9 7 3 ) ,  "The S i g n i f i c a n c e  o f  Geology i n  Some C u r r e n t  Water 
Resource  Problems,  Can te rbury  P l a i n s ,  New Zealand".  J o u r n a l  of  Hydro- 
l o q y  (New Zea land)  1 2 ( 2 ) :  103-118. 
Wi l l i ams ,  D.A.R.  ( 1 9 8 0 ) ,  Environmental  Law 
Wilson,  D.D. (1976),  "Hydrology o f  M e t r o p o l i t a n  C h r i s t c h u r c h " .  J o u r n a l  
o f  Hydroloqy (New Zea land) ,  Vol. 15, No. 2 ,  pp. 101-120. 
Wing, S . J .  ( 1 9 8 1 ) ,  " I r r i g a t i o n  and F i s h e r i e s " .  A paper  g iven  a t  t h e  N e w  
Zealand H y d r o l o g i c a l  S o c i e t y  Confe rence ,  November, Wel l ing ton .  

A P P E N D I C E S  

APPENDIX 1 
FLOW D U R A T I O N  ANALYSIS OF THE R A K A I A  R I V E R  O V E R  SUMMER 
The flow o f  t h e  Raka ia  R i v e r  o v e r  t h e  summer months (December, J a n u a r y  
and F e b r u a r y )  is c r i t i c a l  i n  t h e  a n a l y s i s  o f  t h e  c o n f l i c t i n g  demands f o r  
t h e  R a k a i a ' s  w a t e r .  T h i s  t h r e e  month summer p e r i o d  c o i n c i d e s  w i t h  bo th  peak 
i r r i g a t i o n  demands downstream o f  t h e  g o r g e ,  and t h e  salmon r u n  p a s s i n g  t h r o u g h  
t h e  Rakaia  gorge .  C l e a r l y ,  i f  t h e  r i v e r ' s  f low o v e r  summer i s  less t h a n  
t h a t  r e q u i r e d  t o  s a t i s f y  b o t h  demands, t h e n  e i t h e r  one  o r  b o t h  a l t e r n a t i v e  
' u s e s  o f  t h e  wa te r  must a c c e p t  a s u p p l y  s h o r t f a l l  and,  a s  a  consequence,  i n c u r  
t h e  economic o r  env i ronmenta l  c o s t  a s s o c i a t e d  w i t h  it. The o b j e c t i v e  o f  
t h e  a n a l y s i s  was t o  produce d u r a t i o n  c u r v e s  f o r :  
1. t h e  a b s t r a c t a b l e  f low from t h e  Rakaia  River  o v e r  summer, 
2. t h e  r e s i d u a l  f low from t h e  r i v e r ,  and 
3 .  t h e  number o f  c o n s e c u t i v e  d a y s  o f  low-flow c o n d i t i o n s .  
Assumptions 
The a n a l y s i s  assumes a  peak i r r i g a t i o n  demand o f  70 cumecs f o r  t h e  
CPIS and 20 cumecs f o r  t h e  LRIS. The a b s t r a c t i o n  demands a r e  s u b j e c t e d  t o  
a  number o f  a l t e r n a t i v e  minimum f low s t a n d a r d s  under  t h e  North  Can te rbury  
Catchment B o a r d ' s  (NCCB) Water Management P lan  (WMP), which d e t e r m i n e s  t h e  
a b s t r a c t a b l e  flow f o r  any p a r t i c u l a r  t o t a l  r i v e r  f low.  
I t  was assumed t h a t  peak i r r i g a t i o n  demands by b o t h  t h e  CPIS and LRIS 
c a n  o c c u r  on any day o v e r  t h e  three-month p e r i o d  from December t o  February .  
Of t h e  t o t a l  volume of  water a b s t r a c t e d  by e i t h e r  i r r i g a t i o n  scheme 1 5  p e r  
c e n t  was assumed t o  beretumed t o  t h e  r i v e r  a t  t h e  scheme r e t u r n  o u t l e t .  
A f u r t h e r  assumpt ion was t h a t  30 cumecs o f  t h e  R i v e r ' s  f low is l o s t  t o  
g roundwate r  below S t a t e  Highway 1 (SH1). Recent h y d r o l o g i c a l  i n v e s t i g a t i o n s  
have shown t h a t  l o s s e s  t o  g roundwate r  below SH1 r a n g e  between 1 2  and 30 cumecs 
(Bowden, 1 9 8 2 ) .  The upper  bound e s t i m a t e  o f  30 cumecs was used i n  t h i s  
a n a l y s i s  t o  e n s u r e  t h a t  t h e  r e s u l t s  o b t a i n e d  f o r  r e s i d u a l  f l o w s  were c o n s e r -  
v a t i v e  ( i . e . ,  n o t  o v e r  e s t i m a t e d ) .  
The r e s u l t s  o f  t h e  a n a l y s i s  a r e  c a l c u l a t e d  from d a i l y  mean f low d a t a  
f o r  t h e  months December t h r o u g h  February  f o r  t h e  Rakaia  R i v e r  o v e r  t h e  p e r i o d  
December 1967 t o  December 1977.  Before  t h e  r e s u l t s  a r e  p r e s e n t e d ,  i t  would 
b e  a p p r o p r i a t e  t o  d e f i n e  what is meant by a b s t r a c t a b l e  f low,  r e s i d u a l  f low,  
low-flow c o n d i t i o n s ,  and a l s o  t h e  c o n c e p t  o f  a  d u r a t i o n  c u r v e .  
D e f i n i t i o n s  
A b s t r a c t a b l e  Flow. The a b s t r a c t a b l e  f low is t h a t  amount o f  wa te r  
a b l e  t o  b e  d i v e r t e d  o u t  o f  t h e  Raka ia  River  on any p a r t i c u l a r  day.  The a c t u a l  
amount o f  w a t e r  a b l e  t o  be  a b s t r a c t e d  is  de te rmined  by t h e  North Can te rbury  
Catchment B o a r d ' s  (NCCB) Water Management P l a n  (WMP). The WMP h a s  set t h e  
minimum r i v e r  f low a t  42 cumecsl, o r  55 cumecs a t  t h e  g o r g e  t o  a l l o w  f o r  i n f i l t r a -  
t i o n  t o  groundwater  and a b s t r a c t i o n  f o r  s t o c k w a t e r .  For  f l o w s  above 55 cumecs 
b u t  below 142 cumecs, a  c e r t a i n  p e r c e n t a g e  o f  t h e  t o t a l  f low may be  a b s t r a c t e d  
( b u t  a l w a y s  l e a v i n g  a t  l e a s t  55 cumecs i n  t h e  r i v e r ) .  Th i s  p e r c e n t a g e  v a r i e s  
a c c o r d i n g  t o  t h e  month i n  which t h e  f low o c c u r s ,  e . g .  f o r  December t h e  p e r c e n t a g e  
i s  50 p e r  c e n t ,  January  40 p e r  c e n t  and February  35 p e r  c e n t .  For  conven ience ,  
a  40 p e r  c e n t  v a l u e  was used i n  a n a l y s i n g  t h e  d a t a  f o r  a l l  t h r e e  months.  
One hundred p e r  c e n t  o f  t h e  a d d i t i o n a l  r i v e r  f low above 142 cumecs, and 
below 179  cumecs must remain i n  t h e  r i v e r  s o  t h a t  o v e r  t h i s  r a n g e  57 cumecs 
is t h e  maximum a b s t r a c t a b l e  f low ( i . e .  40  p e r  c e n t  o f  142 cumecs ) .  F o r  r i v e r  
f l o w s  o v e r  170  cumecs, 75 p e r  c e n t  o f  t h e  a d d i t i o n a l  w a t e r  may b e  a b s t r a c t e d .  
Given t h e s e  WMP a l l o c a t i o n  r u l e s ,  t h e  a b s t r a c t a b l e  p o r t i o n  o f  t h e  d a i l y  mean 
f l o w s  i n  t h e  Rakaia o v e r  summer c a n  b e  c a l c u l a t e d .  
Minimum R e s i d u a l  Flow. The r e s i d u a l  f low is d e f i n e d  a s  t h e  d i f f e r e n c e  
between t h e  d a i l y  mean flow o f  t h e  r i v e r  and t h e  maximum a b s t r a c t a b l e  f low 
a l l o w e d  under  t h e  WMP f o r  t h a t  d a i l y  mean f low.  Accord ing ly ,  it s h o u l d  b e  
r e g a r d e d  a s  a  "minimum" e s t i m a t e .  
Low Flow. For t h e  
any d a i l y  mean flow which 
90- curneck. Nintey cumecs 
p u r p o s e s  o f  a n a l y s i s ,  a  "low f low" i s  d e f i n e d  a s  
d o e s  n o t  g e n e r a t e  a n  a b s t r a c t a b l e  f low o f  a t  l e a s t  
is assumed t o  be  t h e  peak i r r i g a t i o n  r e q u i r e m e n t  
o f  t h e  combined CPIS and LPIS. I n  d e f i n i n g  a  low flow i n  t e r m s  o f  t h e  
i r r i g a t i o n  r e q u i r e m e n t s ,  t h e  e n v i r o n m e n t a l  needs  o f  w i l d l i f e  and t h e  r e c r e a -  
t i o n a l  n e e d s  o f  i n s t r e a m  u s e r s  a r e  i g n o r e d .  T h i s  f low may be e n v i r o n m e n t a l l y  
damaging,  e s p e c i a l l y  i f  i t  p e r s i s t s  o v e r  l o n g  p e r i o d s  d u r i n g  summer. W i l d l i f e  
and r e c r e a t i o n a l  i n t e r e s t s  p r e f e r  t o  d e f i n e  low f low i n  t e r m s  o f  r e s i d u a l  
w a t e r  f l o w s ,  n o t  a b s t r a c t a b l e  f lows .  However, i n  t h e  a b s e n c e  o f  i n f o r m a t i o n  
r e g a r d i n g  what t h e s e  f low r e q u i r e m e n t s  a r e ,  t h e  p r e s e n t  d e f i n i t i o n  is adhered  
t o .  The r e s u l t s  w i l l ,  however, b e  v a l u a b l e  f o r  w i l d l i f e  and r e c r e a t i o n a l  
i n t e r e s t s ,  s i n c e  t h e  p a t t e r n  o f  r e s i d u a l  f lows  w i t h  i r r i g a t i o n  development  
w i l l  b e  known and t h e i r  c o m p a t i b i l i t y  w i t h  i n s t r e a m  u s e s  open f o r  d i s c u s s i o n .  
D u r a t i o n  Curves.  A d u r a t i o n  c u r v e  is e s s e n t i a l l y  a  g r a p h i c a l  p r e s e n t a t i o n  
o f  a  set  o f  p r o b a b i l i t i e s .  For  example ,  i f  t h e  d a t a  r e l a t e  t o  a b s t r a c t a b l e  
f l o w s ,  t h e n  t h e  d u r a t i o n  c u r v e  w i l l  g r a p h  each  l e v e l  o f  a b s t r a c t a b l e  f low 
a g a i n s t  t h e  p r o b a b i l i t y  t h a t  t h e  a b s t r a c t a b l e  f low w i l l  b e  e q u a l l e d  o r  exceeded.  
T h e r e f o r e ,  t h e  d u r a t i o n  c u r v e  r e p r e s e n t s  a  c u m u l a t i v e  p r o b a b i l i t y  c u r v e .  
The p r o b a b i l i t i e s  a r e  u s u a l l y  e x p r e s s e d  i n  t e r m s  o f  p e r c e n t a g e s .  An i m p o r t a n t  
weakness  o f  t h i s  approach is  t h a t  it d e a l s  w i t h  d i s c r e t e  v a l u e s  o f  f low and 
r e v e a l s  n o t h i n g  abou t  t h e  sequence  o f  low f l o w s ,  nor  whe the r  t h e y  o c c u r r e d  
c o n s e c u t i v e l y  o r  were wide ly  s c a t t e r e d  i n  time. 
R e s u l t  S 
T a b l e s  A l . l  and A1.2 summarise t h e  r e s u l t s  g e n e r a t e d  u s i n g  d a i l y  mean 
f low d a t a  f o r  December, January  and F e b r u a r y  o v e r  t h e  p e r i o d  December 1967 
t o  December 1977.  Tab le  A l . l  p r e s e n t s  c u m u l a t i v e  p r o b a b i l i t i e s  f o r  minimum 
f l o w s ,  a b s t r a c t a b l e  f lows f o r  t h e  CPIS and LRIS, and r e s i d u a l  f l o w s  a t  v a r i o u s  
p o i n t s  i n  t h e  R i v e r ,  g i v e n  s i x  d i f f e r e n t  minimum flow s t a n d a r d s .  The c u m u l a t i v e  
1 One cumec = one  c u b i c  m e t r e  o f  w a t e r  p e r  second (m3/s). 
p r o b a b i l i t i e s  a r e  p r e s e n t e d  i n  terms o f  t h e  p r o b a b i l i t y  o f  b e i n g  l e s s  t h a n  
t h e  cumec v a l u e  i n  column 1. To c a l c u l a t e  t h e  c u m u l a t i v e  p r o b a b i l i t i e s  i n  
terms o f  t h e  cumec v a l u e  i n  column 1 b e i n g  e q u a l l e d  o r  exceeded,  t h e  
p r o b a b i l i t i e s  i n  Table  A l . l  shou ld  be  s u b t r a c t e d  from one ( a s  was done 
f o r  d a t a  p r e s e n t e d  i n  T a b l e s  2.3 and 2 .4 ,  Chap te r  2 ) .  Tab le  A1.2 p r e s e n t s  
t h e  p r o b a b i l i t i e s  a s s o c i a t e d  w i t h  t h e  l e n g t h  o f  low-flow p e r i o d s ,  i . e .  p e r i o d s  
o f  c o n s e c u t i v e  low f low.  These were summarised i n  Tab le  2 .5 ,  C h a p t e r  2 .  
TABLE A l . l  
Summer Flow A n a l y s i s  f o r  t h e  R a k a i a  R i v e r  (1967-1977) 
1.1 Minimum Flow S t a n d a r d  = 0 cumecs 
(See  key  a t  end  o f  t a b l e  f o r  column d e f i n i t i o n s )  
1 . 2  Minimum Flow S t a n d a r d  = 20 cumecs 
1.3 Minimum Flow Standard = 40 cumecs 
( 1 )  ( 2 )  (3  ( 4 )  
0 0.00000 0.00000 0.00000 
10 0.00000 0.00000 0.00000 
20 0.00000 0.00000 0.00000 
3 0 0.00000 0.00000 0.00000 
4 0 0.00000 0.02326 0.00000 
50 0.00000 0.36766 0.00000 
60 0.02326 0.48173 0.00000 
7 0 0.09635 0.57143 0.04430 
8 0 0.19380 0.64784 0.12625 
9 0 0.27353 0.79321 0.21595 
100 0.33776 0.74197 0.38682 
110 0.57475 0.78738 0.36213 
120 0.74640 0.80620 0.56811 
130 0.83278 0.83278 0.62791 
140 0.88040 0.84718 0.67331 
150 0.90033 0.86600 0.70764 
160 0.92359 0.87929 0.74086 
170 0.93798 0.88815 0.76855 
180 0.94795 0.89590 0.79402 
190 0.95127 0.90033 0.81063 
200 0.95903 0.90698 0.83946 
Minimum Flow Standard = 60 cumecs 
M i n i m u m  Flow S t a n d a r d  80 c u r n e c s  
( 2 )  ( 3 )  ( 4 )  
M i n i m u m  Flow S t a n d a r d  = 100 c u m e c s  
( 2 )  ( 3 )  ( 4 )  
1 . 7  Minimum Flow S t a n d a r d  150 cumecs 
Key t o  Table  A l . l :  
Column D e f i n i t i o n  
( 1 )  Volume of  water (curnecs) 
( 2 )  Cumula t ive  p r o b a b i l i t y  o f  hav ing  a  minimum f low (de te rmined  by 
t h e  WMP)  less t h a n  t h e  f low i n  ( 1 )  
( 3 )  Cumulat ive  p r o b a b i l i t y  o f  an  a b s t r a c t a b l e  f low f o r  t h e  CPIS l e s s  
t h a n  t h e  f low i n  ( 1 )  
( 4 )  Cumulat ive  p r o b a b i l i t y  o f  a r e s i d u a l  r i v e r  f low downstream o f  
t h e  CPIS r e t u r n  o u t l e t  l e s s  t h a n  t h e  f low i n  ( 1 )  
( 5 )  Cumulat ive  p r o b a b i l i t y  o f  a  r e s i d u a l  r i v e r  f low downstream o f  
S.H. 1 l e s s  t h a n  t h e  f low i n  ( l ) .  (Note :  assumed 30 cumecs 
l o s t  t o  groundwater  a t  S.H. 1 ) .  
( 6 )  Cumulat ive  p r o b a b i l i t y  o f  an  a b s t r a c t a b l e  f low f o r  t h e  LRIS l e s s  
t h a n  t h e  f low i n  ( 1 )  
( 7 )  Cumula t ive  p r o b a b i l i t y  of a r e s i d u a l  r i v e r  f low downstream o f  
t h e  LRIS r e t u r n  o u t l e t  l e s s  t h a n  t h e  f low i n  ( l ) .  
TABLE A1 .2 
Per iods  of Low Flow a t  A l t e r n a t i v e  Minimum Flow Standards  
2.1 P r o b a b i l i t i e s  of  Low Flow Pe r iods  - C P I S  
Low Flow 
Per iod  
(Days 
Minimum Flow Standard  
P r o b a b i l i t y  of  Low Flow Per iod  Being 
Equal led o r  Exceeded ( % l  
TABLE A1.2 c o n t d .  
2.1 c o n t d .  
Low Flow 
P e r i o d  
(Days ) 
0 
Minimum Flow S t a n d a r d  
2.2 P r o b a b i l i t i e s  o f  Low Flow P e r i o d s  - LRIS 
Low Flow 
P e r i o d  
(Days 1 
Minimum Flow S t a n d a r d  
P r o b a b i l i t y  o f  Low Flow P e r i o d  B e i n g  
E q u a l l e d  o r  Exceeded ( % l  
TABLE A1 - 2  c o n t d .  
2 .2  c o n t d .  
Low Flow 
P e r i o d  
(Days  
Minimum Flow S t a n d a r d  
APPENDIX 2 
COMMUNITY IRRIGATION SCHEME PLANNING 
A Review o f  Enab l ing  L e g i s l a t i o n  and I m p l i c a t i o n s  
For  Mul t i -Purpose  Water P l a n n i n g  P r o c e d u r e s  
The f o l l o w i n g  d i s c u s s i o n  expands  on t h e  p l a n n i n g  s t e p s  o u t l i n e d  i n  
Chap te r  3  ( S e c t i o n  3 ) ,  emphas i s ing  t h e  l e g a l  and p r o c e d u r a l  r e q u i r e m e n t s  
germane t o  c o n s i d e r a t i o n s  o f  managing p u b l i c  w a t e r  r e s o u r c e s  when t h e  p roposed  
, u s e s  a r e  i n  p o t e n t i a l  c o n f l i c t .  A s  p o i n t e d  o u t  i n  Chap te r  3 ,  t h e  government 
a g e n c i e s  w i t h  major  r o l e s  i n  i r r i g a t i o n  p l a n n i n g  a t  t h e  n a t i o n a l  l e v e l  a r e :  
1. t h e  Water and S o i l  D i v i s i o n  o f  t h e  M i n i s t r y  o f  Works and Development, 
r e s p o n s i b l e  f o r  t h e  i n v e s t i g a t i o n ,  d e s i g n  and c o n s t r u c t i o n  o f  i r r i g a t i o n  
schemes ; 
2. t h e  M i n i s t r y  o f  A g r i c u l t u r e  and F i s h e r i e s ,  r e s p o n s i b l e  f o r  t h e  o v e r a l l  
economic a p p r a i s a l  o f  any p r o p o s a l ,  f o r  a s s i s t i n g  w i t h  on-farm i r r i g a t i o n  
d e s i g n  and c o n s t r u c t i o n  programmes, and f o r  a d v i s i n g  f a r m e r s  on n e c e s s a r y  
changes  i n  f a rming  p r a c t i c e s ;  and 
3. t h e  N a t i o n a l  Water and S o i l  Conserva t ion  o r g a n i s a t i o n 1 ,  which h a s  
g e n e r a l  r e s p o n s i b i l i t y  f o r  t h e  u s e ,  a l l o c a t i o n  and management a s p e c t s  
o f  n a t u r a l  water r e s o u r c e s .  
The l e g a l  b a s i s  o f  t h e  government ' s  power t o  promote and c o n s t r u c t  
i r r i g a t i o n  schemes d e r i v e s  from P a r t  X I X  o f  t h e  P u b l i c  Works Act 1981.  The 
Act sets o u t  t h e  c u r r e n t  p r o c e d u r a l  r e q u i r e m e n t s  and t h e  f i n a n c i a l  p o l i c y .  
The p r o c e d u r e s  r e c o g n i s e  t h e  need f o r  c o n s u l t a t i o n ,  d i s c u s s i o n  and u n d e r s t a n d i n g  
b e f o r e  a p p r o v a l  is  g i v e n .  The power t o  u n d e r t a k e  i r r i g a t i o n  development 
i s  g i v e n  t o  t h e  M i n i s t e r  ( M i n i s t r y  o f  Works and Development) ,  b u t  he may 
a p p o i n t  any t e r r i t o r i a l  a u t h o r i t y  o r  ca tchment  board  a s  h i s  a g e n t .  The 
M i n i s t e r  ( o r  h i s  a g e n t )  must g i v e  p u b l i c  n o t i c e  t h a t  a n  i r r i g a t i o n  scheme 
is b e i n g  i n v e s t i g a t e d  and renew t h e  n o t i c e  a n n u a l l y  u n t i l  t h e  i n v e s t i g a t i o n  
is  e i t h e r  completed o r  abandoned. 
I n i t i a l  F e a s i b i l i t y  S t u d i e s  
P lann inq  Approva l s  The r e s u l t  o f  any i n v e s t i g a t i o n  must be s u b m i t t e d  
t o  t h e  N a t i o n a l  Water and S o i l  Conserva t ion  A u t h o r i t y  ( " t h e  A u t h o r i t y " )  which,  
The O r g a n i s a t i o n  c o n s i s t s  o f  t h e  N a t i o n a l  Water and S o i l  Conserva t ion  
a u t h o r i t y ,  a t  t h e  head o f  t h e  h i e r a r c h y ,  w i t h  t h e  o v e r a l l  r e s p o n s i b i l i t y  
f o r  a d m i n i s t e r i n g  t h e  Water and S o i l  C o n s e r v a t i o n  Act 1967 and t h e  
S o i l  C o n s e r v a t i o n  and R i v e r s  C o n t r o l  Act 1941  and a d v i s i n g  t h e  Government 
on m a t t e r s  o f  n a t i o n a l  p o l i c y  a f f e c t i n g  w a t e r  and s o i l .  R e s p o n s i b i l i t y  
f o r  w a t e r  q u a l i t y  and a l l o c a t i o n  o f  w a t e r  is d e l e g a t e d  t o  t h e  Water 
Resources  C o u n c i l ,  w i t h  Regional  Water Boards  r e s p o n s i b l e  a t  a  l o c a l  l e v e l  
f o r  implement ing p o l i c y  th rough  t h e  i s s u e s  o f  w a t e r  r i g h t s  (Crown w a t e r  
r i g h t s  e x c e p t e d ) .  M a t t e r s  o f  w a t e r  and s o i l  c o n s e r v a t i o n  and r i v e r s  
c o n t r o l  a r e  d e l e g a t e d  t o  t h e  S o i l  C o n s e r v a t i o n  and R i v e r s  C o n t r o l  C o u n c i l ,  
w i t h  implementa t ion  and management a t  t h e  l o c a l  l e v e l  b e i n g  t h e  respon-  
s i b i l i t y  o f  Catchment Commissions o r  Boards .  
a f t e r  due c o n s i d e r a t i o n ,  is r e q u i r e d  t o  r e p o r t  t o  t h e  M i n i s t e r  ( M i n i s t r y  
o f  Works and Development) whether  i n  its o p i n i o n  t h e  p roposed  scheme is  
p r a c t i c a b l e  and economic and would r e s u l t  i n  i n c r e a s e d  p r o d u c t i v i t y  o f  t h e  
l a n d  ( s . 2 0 1 ) .  I n  r e a c h i n g  i t s  o p i n i o n  t h e  A u t h o r i t y  must  a c t  a c c o r d i n g  t o  
i t s  d u t i e s  under  t h e  Water and S o i l  Conserva t ion  Act, i n c l u d i n g  t h e  du ty  
i n t r o d u c e d  by t h e  1981  amendment which is  t o  t a k e  i n t o  a c c o u n t  t h e  needs  
o f  a l l  forms o f  water-based r e c r e a t i o n ,  f i s h e r i e s  and w i l d - l i f e  h a b i t a t s ,  
and t h e  p r e s e r v a t i o n  and p r o t e c t i o n  o f  w i l d ,  s c e n i c  and o t h e r  n a t u r a l  
c h a r a c t e r i s t i c s  o f  r i v e r s .  
If t h e  M i n i s t e r  a p p r o v e s  t h e  recommendation o f  t h e  A u t h o r i t y ,  f i r m  
p r o p o s a l s  w i l l  be  p u b l i c l y  n o t i f i e d  f o r  c o n s i d e r a t i o n  by f a r m e r s  w i t h i n  t h e  
p roposed  d i s t r i c t .  The n o t i c e  w i l l  s p e c i f y  t h e  a r e a  t o  b e  i n c l u d e d ,  t h e  
n a t u r e  and e x t e n t  o f  t h e  proposed works and t h e  e s t i m a t e d  c a p a b i l i t y  o f  t h e  
scheme, t h e  c h a r g e s  and c o n d i t i o n s  o f  s u p p l y ,  t h e  i n t e n d e d  o r d e r  o f  c o n s t r u c t i o n ,  
and t h e  d e g r e e  o f  a c c e p t a b i l i t y  o f  t h e  scheme r e q u i r e d  t o  make i t  v i a b l e  
( t o  b e  n o t  l e s s  t h a n  6 0  p e r  c e n t  o f  r a t e p a y e r s ) .  An i r r i g a t i o n  d i s t r i c t  
c a n n o t  be  v a l i d l y  c o n s t i t u t e d  u n l e s s  t h e  s t i p u l a t e d  p e r c e n t a g e  o f  r a t e p a y e r s  
v o t e  i n  f avour  o f  t h e  scheme, o r  a l l  r a t e p a y e r s  i n  t h e  a r e a  have consen ted  
i n  w r i t i n g  t o  t h e  proposed scheme and c h a r g e s  ( s . 2 0 8 )  .2 I f  t h e  terms and 
c o n d i t i o n s  a r e  f a v o u r a b l y  r e c e i v e d ,  t h e  Governor-General  may c o n s t i t u t e  t h e  
a r e a  an  i r r i g a t i o n  d i s t r i c t  by Order-in-Council .  
Environmental  Impact P r o c e d u r e s  During t h e  i n i t i a l  f e a s i b i l i t y  p l a n n i n g  
p h a s e ,  s t u d i e s  on t h e  e n v i r o n m e n t a l  impact  o f  t h e  p roposed  p r o j e c t  a r e  a l s o  
u n d e r t a k e n .  Although s u c h  s t u d i e s  a r e  n o t  r e q u i r e d  by law ( e x c e p t  i n  t h e  
c a s e  o f  development under  t h e  N a t i o n a l  Development A c t ) ,  i t  is government 
p o l i c y  t h a t  a l l  p r o j e c t s  c a r r i e d  o u t  by its d e p a r t m e n t s  o r  funded i n  p a r t  
from p u b l i c  r evenues  s h o u l d  i n c l u d e  env i ronmenta l  a s s e s s m e n t s .  The prime 
o b j e c t i v e  is  t o  e n s u r e  t h a t  t h e  f u l l  consequences  o f  development  a r e  examined 
from t h e  o u t s e t ,  when c h o i c e s  a r e  s t i l l  open. 
I f  t h e  i n i t i a l  e n v i r o n m e n t a l  impact  a s s e s s m e n t  (EIA) d i s c l o s e s  t h a t  
t h e  p r o j e c t  may have a s i g n i f i c a n t  ha rmfu l  e f f e c t  on t h e  human, p h y s i c a l  
o r  b i o l o g i c a l  env i ronment ,  a n  env i ronmenta l  impac t  r e p o r t  (EIR) i s  r e q u i r e d .  
However, it is up t o  t h e  Government depar tment  concerned  t o  d e t e r m i n e  whether  
a n  E I R  is a c t u a l l y  n e c e s s a r y ,  a l t h o u g h  t h e  M i n i s t e r  o f  t h e  Environment h a s  
t h e  a u t h o r i t y  t o  d i r e c t  t h e  p r e p a r a t i o n  o f  s u c h  a  r e p o r t . 3  Although t h e  
r e p o r t  is  p r e p a r e d  by t h e  depar tment  promot ing t h e  p r o j e c t ,  i t  i s  i n t e n d e d  
t o  b e  m u l t i - d i s c i p l i n a r y ,  w i t h  e x p e r t  a d v i c e  b e i n g  s o u g h t  from t h o s e  a p p r o p r i a t e l y  
q u a l i f i e d  b o t h  w i t h i n  and o u t s i d e  Government d e p a r t m e n t s ,  t o  p r o v i d e  a n  o b j e c t i v e  
e v a l u a t i o n .  
Once an E I R  i s  p r e p a r e d  i t  w i l l  be p u b l i s h e d  and o p p o r t u n i t y  g iven  
f o r  p u b l i c  s u b m i s s i o n s  ( u n l e s s  Cab ine t  deems i ts p u b l i c a t i o n  t o  be  a g a i n s t  
t h e  p u b l i c  i n t e r e s t ) .  The Commission f o r  t h e  Environment p r e p a r e s  a n  a u d i t  
The p r o c e d u r a l  r e q u i r e m e n t s  f o r  p o l l s  a r e  set o u t  i n  s e c t i o n s  204 t o  
207 o f  t h e  Act. Any s u b s e q u e n t  a l t e r a t i o n s  t o  a n  i r r i g a t i o n  d i s t r i c t  
r e q u i r e  t h e  c o n s e n t  o f  t h e  s t i p u l a t e d  p e r c e n t a g e  o f  r a t e p a y e r s .  
A m a t t e r  which may i n f l u e n c e  t h e  need f o r  a  r e p o r t  is whe ther  t h e  p r o p o s a l  
h a s  a l r e a d y  been f u l l y  c o n s i d e r e d  under  t h e  Town and Country  P lann ing  
Act 1977 o r  Water and S o i l  Conserva t ion  Act 1967.  T h i s  s i t u a t i o n  s h o u l d  
n o t  a r i s e  o f t e n  b e c a u s e  t h e  p r o c e d u r e  is i n t e n d e d  t o  a p p l y  a t  an  e a r l y  
s t a g e  o f  p l a n n i n g .  Fur the rmore  t h e  l e g a l  p r o c e e d i n g s  a r e  d i r e c t e d  
a t  d e f i n e d  l e g a l  c r i t e r i a  and p r o v i d e  o n l y  r e s t r i c t e d  o p p o r t u n i t y  f o r  
p u b l i c  p a r t i c i p a t i o n .  
o f  t h e  r e p o r t ,  t a k i n g  i n t o  accoun t  t h e  p u b l i c  s u b m i s s i o n s  which a r e  a l s o  
p u b l i s h e d .  The aim o f  t h e  a u d i t  is t o  p r o v i d e  an i n d e p e n d e n t  e v a l u a t i o n  
o f  t h e  p r o p o s a l  and t h e  EIR, b u t  i t  does  n o t  b i n d  t h e  depar tment  t o  any o f  
i t s  f i n d i n g s .  I t  is s i m p l y  a n  a i d  f o r  t h e  d e c i s i o n  maker.  Although t h e  
e n v i r o n m e n t a l  impact  r e p o r t i n g  p rocedure  is  n o t  b i n d i n g ,  i ts v a l u e  i n  p r o v i d i n g  
a n  o p p o r t u n i t y  f o r  p u b l i c  p a r t i c i p a t i o n  i n  an  i m p o r t a n t  phase  o f  t h e  p l a n n i n g  
p r o c e s s  shou ld  n o t  b e  over looked .  
Scheme P l a n n i n q  
Development o f  a n  i r r i g a t i o n  scheme c a n n o t  p roceed  b e f o r e  w a t e r  r i g h t s  
have  been o b t a i n e d  by t h e  proposed u s e r s .  However, t h e r e  is n o t h i n g  t o  p r e v e n t  
t h e  M i n i s t r y  o f  Works and  Development from l o d g i n g  a n  a p p l i c a t i o n  f o r  a  w a t e r  
r i g h t  b e f o r e  a n  i r r i g a t i o n  d i s t r i c t  h a s  been f o r m a l l y  c o n s t i t u t e d . 4  Indeed,  
i t  may be  d e s i r a b l e  t o  se t  t h e  p r o c e s s  i n  mot ion a t  t h e  e a r l i e s t  p o s s i b l e  
time s i n c e  t h e  w a t e r  r i g h t  h e a r i n g s  may be  l e n g t h y  on a c c o u n t  o f  a p p e a l s  
by competing i n t e r e s t s .  
A p p l i c a t i o n  f o r  Water R i g h t s  The need t o  s p e c i f y  t h e  q u a n t i t y  o f  
w a t e r  r e q u i r e d  p l a c e s  a  p r a c t i c a l  l i m i t a t i o n  on t h e  s t a g e  a t  which a p p l i c a t i o n  
may be  made. A p p l i c a t i o n s  f o r  Crown wate r  r i g h t s  a r e  governed by s . 2 3  o f  
t h e  Water and S o i l  C o n s e r v a t i o n  ~ c t . 5  T h i s  d i f f e r s  from t h e  p r o c e d u r e  f o r  
non-Crown a p p l i c a t i o n s ,  p r i n c i p a l l y  i n  p r o v i d i n g  f o r  d e c i s i o n s  t o  b e  made 
by t h e  A u t h o r i t y  r a t h e r  t h a n  r e g i o n a l  wa te r  b o a r d s  and i n  imposing t i g h t e r  
and  more r e s t r i c t e d  r i g h t s  o f  h e a r i n g .  
An a p p l i c a t i o n  is i n i t i a l l y  r e f e r r e d  t o  t h e  Reg iona l  Water Board f o r  
c o n s i d e r a t i o n ,  and f o r  a  r e p o r t  and recommendation back t o  t h e  A u t h o r i t y .  
A t  p r e s e n t ,  i t  is t h e  p o l i c y  o f  t h e  A u t h o r i t y  t o  a d v e r t i s e  t h e  a p p l i c a t i o n  
and a l l o w  any i n t e r e s t e d  members o f  t h e  p u b l i c  t o  make s u b m i s s i o n s  w i t h i n  
28 d a y s  t o  t h e  Regional  Water Board,  which may h o l d  a n  i n f o r m a l  h e a r i n g .  
I t  s h o u l d  be  emphasised t h a t  t h e r e  is no s t a t u t o r y  r i g h t  t o  make s u b m i s s i o n s  
t o  t h e  Board ( o r  A u t h o r i t y ) ,  and p e r s o n s  do ing  s o  do n o t  t h e r e b y  a c q u i r e  
a  r i g h t  o f  a p p e a l .  The A u t h o r i t y  i s  bound t o  c o n s i d e r  t h e  r e p o r t  and recommen- 
d a t i o n s  o f  t h e  Reg iona l  Water Board,  b u t  i t  need n o t  f o l l o w  them and i t  i s  
n o t  r e s t r i c t e d  s o l e l y  t o  t h e  c o n s i d e r a t i o n  o f  t h e  m a t t e r s  i n  t h e  r e p o r t . 6  
I t  i s  worth n o t i n g  h e r e  t h a t  t h e  chai rman o f  t h e  A u t h o r i t y  is t h e  M i n i s t e r  
( M i n i s t r y  o f  Works and Development) ,  who i n  i r r i g a t i o n  c a s e s  is a l s o  t h e  
M i n i s t e r  a p p l y i n g  f o r  t h e  w a t e r  r i g h t .  Given t h a t  t h e  A u t h o r i t y ,  t h e  members 
o f  which a r e  a p p o i n t e d  on t h e  a d v i c e  o f  t h e  M i n i s t e r ,  is  r e s p o n s i b l e  f o r  
e v a l u a t i n g  proposed i r r i g a t i o n  schemes,  t h i s  o v e r l a p  o f  f u n c t i o n s  d o e s  n o t  
e n s u r e  comple te  i m p a r t i a l i t y .  I t  is d i f f i c u l t ,  however,  t o  c h a l l e n g e  a  d e c i s i o n  
on g rounds  of b i a s ,  s i n c e  e v i d e n c e  is  needed t h a t  t h e  m a t t e r  f o r  d e c i s i o n  
The Crown c a n n o t ,  i t  a p p e a r s ,  be  s t o p p e d  from commencing a n c i l l i a r y  
work b e f o r e  w a t e r  r i g h t s  have been o b t a i n e d .  S e e  McGregor v. At to rney  
Genera l  (1979) 7  NZTPA 355. 
- 
A p p l i c a t i o n s  f o r  w a t e r  r i g h t s  f o r  i r r i g a t i o n  from t h e  Rakaia  have a l r e a d y  
been lodged by t h e  Lower Rakaia and C e n t r a l  P l a i n s  I r r i g a t i o n  A s s o c i a t i o n s .  
If t h e s e  r i g h t s  a r e  g r a n t e d  b e f o r e  t h e  MWD i s  r e a d y  t o  a p p l y ,  and i f  
t h e y  a r e  f o r  a  s u i t a b l e  q u a n t i t y  o f  w a t e r ,  t h e y  may be  t r a n s f e r r e d  
t o  t h e  Crown under  s e c t i o n  24 A(1) o f  t h e  Water and  S o i l  C o n s e r v a t i o n  Act.  
EDS v  NWSCA (1980 ) 7  NZTPA 385 (SC) . 
h a s  been approached w i t h  a  c l o s e d  mind ( a  f o r m i d a b l e  t a s k ,  e s p e c i a l l y  when 
t h e  l e g i s l a t i v e  mandate e x p l i c i t l y  c o n t e m p l a t e s  a  d e g r e e  o f  c o n f l i c t  o f  i n t e r e s t ) .  
F o r  t h i s  r e a s o n  a p p e a l  r i g h t s  a r e  i m p o r t a n t ,  b u t  h e r e  t h e  Act f a l l s  s h o r t  
o f  a  d e s i r a b l e  s t a t u t o r y  check .  
R i q h t s  o f  Appeal Any Board,  p u b l i c  a u t h o r i t y  o r  p e r s o n  c l a i m i n g  t o  
b e  d e t r i m e n t a l l y  a f f e c t e d  by t h e  d e c i s i o n  o f  t h e  A u t h o r i t y  h a s  a  r i g h t  o f  
a p p e a l  w i t h i n  28 days  o f  p u b l i c  n o t i f i c a t i o n  o f  t h e  d e c i s i o n .  To be " d e t r i m e n t a l l y  
a f f e c t e d "  t h e  a p p e l l a n t  must b e  a b l e  t o  show l o s s ,  damage, o r  p r e j u d i c e  t o  
a  d e g r e e  g r e a t e r  t h a n  t h a t  t o  t h e  p u b l i c  a t  l a r g e . 7  T h i s  e x c l u d e s  what may 
b e  t e rmed  " p u b l i c  i n t e r e s t ' '  a p p e l l a n t s .  Thus, t h e  Env i ronmenta l  Defence 
S o c i e t y ,  whose o b j e c t i v e s  i n c l u d e  t h e  p r e s e r v a t i o n  and p r o t e c t i o n  o f  n a t u r a l  
a m e n i t y  r e s o u r c e s ,  h a s  c o n s i s t e n t l y  been h e l d  t o  have no s t a n d i n g  t o  a p p e a l  
u n d e r  s e c t i o n  23.8 That is n o t  b e  s a y  t h a t  a l l  p e r s o n s  o r  g r o u p s  r e p r e s e n t i n g  
w i d e r  a s p e c t s  o f  t h e  p u b l i c  i n t e r e s t  w i l l  be  exc luded .  A c c l i m a t i s a t i o n  S o c i e t i e s ,  
t h e  C o n s e r v a t o r  o f  W i l d l i f e ,  MAF, t h e  Nature  C o n s e r v a t i o n  Counc i l  and r e g i o n a l  
and  l o c a l  a u t h o r i t i e s  have a l l  been h e l d  t o  have i n t e r e s t s  g r e a t e r  t h a n  t h e  
' p u b l i c  a t  l a r g e '  on a c c o u n t  o f  t h e i r  s t a t u t o r y  d u t i e s .  Those w i t h  commercial  
o r  p r o p e r t y  i n t e r e s t s  a f f e c t e d  by t h e  g r a n t  o f  a  r i g h t  o r  by f a i l u r e  t o  g r a n t  
i t ,  c l e a r l y  f a l l  w i t h i n  t h e  t e r m s  o f  s e c t i o n  23. I n d i v i d u a l  r e c r e a t i o n a l  
u s e r s  would a l s o  have s t a n d i n g ,  and i t  seems l i k e l y  on t h e  b a s i s  o f  p a s t  
d e c i s i o n s  t h a t  l o c a l  b r a n c h e s  o f  r e c r e a t i o n a l  o r g a n i s a t i o n s  would t o o .  
P u b l i c  i n t e r e s t  g r o u p s  who f i n d  t h e m s e l v e s  b a r r e d  by t h e  r u l e s  a s  t o  
s t a n d i n g  may pe rhaps  overcome t h i s  d i f f i c u l t y  by s u p p o r t i n g  a n  o r g a n i s a t i o n  
which d o e s  have s t a n d i n g ,  b e c a u s e  it is c l e a r  t h a t  once  a p p e a l  s t a t u s  is 
a c h i e v e d  t h e  a p p e l l a n t  is n o t  c o n f i n e d  t o  g i v i n g  e v i d e n c e  r e l a t i n g  s o l e l y  
t o  h i s  own d e t r i m e n t . 9  While t h e  r u l e s  a s  t o  s t a n d i n g  may n o t  p rove  a  f u l l y  
e f f e c t i v e  b a r r i e r  t o  t h e  i n t r o d u c t i o n  of p u b l i c  i n t e r e s t  e v i d e n c e ,  t h e y  never-  
t h e l e s s  produce a  d i s t o r t i n g  e f f e c t .  Through t h e  f a i l u r e  t o  a l l o w  such  g roups  
a r i g h t  o f  a p p e a l ,  t h e  P l a n n i n g  T r i b u n a l  i s  less a b l e  t o  gauge t h e  s t r e n g t h  
o f  p u b l i c  f e e l i n g  f o r  o r  a g a i n s t  a  development p r o p o s a l .  F u r t h e r m o r e ,  under-  
f i n a n c e d  s t a t u t o r y  a u t h o r i t i e s  c a n n o t  a lways  b e  r e l i e d  on t o  r e p r e s e n t  p u b l i c  
i n t e r e s t  i s s u e s ,  and v e r y  o f t e n  such  b o d i e s  have c o n f l i c t i n g  f u n c t i o n s .  
F i n a l l y ,  t h e r e  seems t o  b e  no v a l i d  r e a s o n  why a p p e a l  r i g h t s  s h o u l d  be  more 
r e s t r i c t e d  s imply  because  t h e  Crown is a p p l y i n g  f o r  t h e  w a t e r  r i g h t .  Indeed,  
t h e  p u b l i c  w i l l  o f t e n  have a  g r e a t e r  i n t e r e s t  i n  t h e  outcome o f  Crown w a t e r  
r i g h t s  t h a n  o r d i n a r y  w a t e r  r i g h t s .  
A d j u d i c a t i o n  o f  R i q h t s  Appeals  a r e  made t o  t h e  P l a n n i n g  T r i b u n a l  
whose d e c i s i o n  is f i n a l  ( s u b j e c t  t o  r i g h t s  o f  a p p e a l  t o  t h e  High Cour t  on 
g r o u n d s  o f  which t h e  d i s c r e t i o n  t o  g r a n t  o r  r e f u s e  a  w a t e r  r i g h t  is t o  be  
e x e r c i s e d ) .  Looking t o  t h e  p r o v i s i o n s  of t h e  Act a s  a  whole ,  and i n  p a r t i c u l a r  
t h e  s e c t i o n s  which s e t  o u t  t h e  f u n c t i o n s  and powers o f  t h e  A u t h o r i t y  and 
d e s c r i b e  t h e  d u t i e s  o f  t h e  Reg iona l  Water Boards ,  i t  i s  c l e a r  t h a t  t h e  T r i b u n a l  
must  t a k e  i n t o  accoun t  r e c r e a t i o n a l  needs ,  t h e  need t o  s a f e g u a r d  s c e n i c  o r  
n a t u r a l f e a t u r e s ,  t h e  n e e d s  o f  l o c a l  w a t e r  s u p p l i e s  and o f  p r imary  and secondary  
i n d u s t r i e s ,  among many o t h e r  n e e d s  now, and i n  t h e  f u t u r e . 1 0  T h e r e f o r e  an  
Mahuta v  NWSCA (1973)  5 NZTPTA 73. 
8 
e . g .  EDS v  NWSCA (1976)  6  NZTPA 49. The Royal S o c i e t y  is i n  a  s i m i l a r  
s i t u a t i o n  (Annas v  NWSCA and M i n i s t r y  o f  Energy (1981)  7 NZTPA 417. The 
p o s i t i o n  o f  a  g roup  s u c h  a s  t h e  Rakaia River  A s s o c i a t i o n  is n o t  c l e a r .  
Mahuta v  MWSCA (1973)  5 NZTPA 73. 
S e e  i n  p a r t i c u l a r ,  s e c t i o n s  1 4  ( 3 )  & ( 4 ) ,  20 ( 5 )  & ( 6 ) ,  2 1  ( 3 ~ ) ,  22 
( 1 )  and 3 .3  o f  t h e  1 9 8 1  Amendment. 
a t t e m p t  must be made t o  b a l a n c e  competing demands i n  t h e  b e s t  p u b l i c  i n t e r e s t .  
Tha t  is n o t  an  e a s y  t a s k ,  and t h e  Act p r o v i d e s  no g u i d e l i n e s  a s  t o  how demands 
between t h e  v a r i o u s  compet ing i n t e r e s t s  shou ld  b e  met ( e x c e p t  t o  r e c o g n i s e  
a  m u l t i - u s e  a p p r o a c h ) ,  o r  whether  some i n t e r e s t s  s h o u l d  be  c o n s i d e r e d  more 
i m p o r t a n t  t h a n  o t h e r s .  
The mul t i -use  approach ,  however, p r o v i d e s  l i t t l e  a s s i s t a n c e  t o  t h e  
decis ion-maker  where a  s p e c i f i c  demand f o r  w a t e r ,  s u c h  a s  a  major a b s t r a c t i o n ,  
i s  e s s e n t i a l l y  i r r e c o n c i l a b l e  w i t h  t h e  demands o f  t h o s e  who wish t o  s e e  a  
r i v e r  p r e s e r v e d  l a r g e l y  i n  i ts  n a t u r a l  s t a t e .  A v a l u e  judgement must t h e r e f o r e  
b e  made a s  t o  which u s e  w i l l  u l t i m a t e l y  b e s t  s e r v e  t h e  p u b l i c  i n t e r e s t .  
I n  t h e  absence  of any c l e a r  g u i d e l i n e s  from t h e  l e g i s l a t u r e ,  t h e  T r i b u n a l  
h a s  s o  f a r  d e c l i n e d  t o  r e c o g n i s e  any h i e r a r c h y  o f  i n t e r e s t s  and w i l l  judge 
e a c h  a p p l i c a t i o n  on t h e  e v i d e n c e  b e f o r e  it .  
On t h e  b a s i s  o f  p a s t  d e c i s i o n s ,  i t  would b e  p r u d e n t  t o  s a y  t h a t  e n v i r o n -  
m e n t a l  and r e c r e a t i o n a l  i n t e r e s t s  a r e  a t  a  d i s a d v a n t a g e .  There  a r e  s e v e r a l  
r e a s o n s  f o r  t h i s .  The e n v i r o n m e n t a l  consequences  o f  g r a n t i n g  a  wa te r  r i g h t  
w i l l  o f t e n  be d i f f i c u l t  t o  p r e d i c t  p r e c i s e l y ,  and w i l l  u s u a l l y  be  more d i f f i c u l t  
t o  q u a n t i f y  o r  p l a c e  a  v a l u e  on t h a n ,  f o r  example,  t h e  e x p e c t e d  economic 
g a i n s  from an i r r i g a t i o n  development.  P r e v i o u s  e v i d e n c e  s u g g e s t s  t h a t  t h e  
T r i b u n a l ,  no doubt  u n c o n s c i o u s l y ,  h a s  t ended  t o  impose a h e a v i e r  e v i d e n t i a l  
burden  on t h o s e  oppos ing  t h e  g r a n t  o f  a w a t e r  r i g h t  on e n v i r o n m e n t a l  o r  r e c r e a -  
t i o n a l  grounds .  Whether r i g h t l y  o r  wrongly,  such  i n t e r e s t s  have sometimes 
been  a s s o c i a t e d  w i t h  e l i t i s m . 1 1  None the less ,  p e r h a p s  t h e  g r e a t e s t  d i f f i c u l t y  
f a c e d  by t h o s e  s e e k i n g  t o  p r o t e c t  env i ronmenta l  and r e c r e a t i o n a l  i n t e r e s t s  
i s  t h e  r e s t r i c t e d  view t h e  T r i b u n a l  h a s  t a k e n  o f  i ts  f u n c t i o n ,  which i t  s e e s  
a s  o n e  of d e t e r m i n i n g  whe the r  t o  p e r m i t  wi thdrawal  o f  a  s p e c i f i c  q u a n t i t y  
o f  w a t e r  f o r  a  s p e c i f i c  purpose .  I t  h a s  chosen t o  n o t  c o n c e r n  i t s e l f  w i t h  
t h e  p r e c i s e  way i n  which t h e  w a t e r  w i l l  b e  used o r  whe the r  t h e r e  a r e  b e t t e r  
ways o f  a c h i e v i n g  t h e  d e s i r e d  o b j e c t i v e ,  g iven  t h a t  t h e  method chosen is 
a t  l e a s t  r e a s o n a b l e .  
I n  an  a p p l i c a t i o n  t o  wi thdraw water f o r  t h e  Waiau I r r i g a t i o n  Scheme 
t h e  T r i b u n a l  would n o t  d e c i d e  on t h e  merits o f  border -dyk ing  v e r s u s  s p r a y  
i r r i g a t i o n ,  and would n o t  have r e g a r d  t o  e v i d e n c e  t h a t  t h e  s o i l  i n  t h e  a r e a  
was n o t  a s  s u i t a b l e  f o r  i r r i g a t i o n  a s  had o r i g i n a l l y  been supposed.  I t  s a i d  
t h a t  i f  i t  was f e l t  t h e  method o f  d i s t r i b u t i o n  was w a s t e f u l  i t  would s imply  
r e d u c e  t h e  a l l o c a t i o n ,  and it  would be  up t o  t h e  w i t h d r a w e r  t o  d e c i d e  how 
t o  b e s t  u s e  t h e  reduced  s u p p l y . 1 2  R e c e n t l y ,  t h e  T r i b u n a l  s t a t e d  q u i t e  c l e a r l y  
t h a t  a l t h o u g h  it o n l y  h a s  power t o  g r a n t  o r  r e f u s e  t h e  r i g h t  a p p l i e d  f o r ,  
t h a t  d o e s  n o t  mean e v i d e n c e  o f  a l t e r n a t i v e s  is  i r r e l e v a n t .  I f  such e v i d e n c e  
is a v a i l a b l e  it s h o u l d  b e  weighed a s  p a r t  o f  t h e  g e n e r a l  p r o c e s s  o f  e v a l u a t i n g  
t h e  whole p r o p o s a l  i n  a c c o r d a n c e  w i t h  t h e  r e l e v a n t  m a t t e r s  t o  be  t a k e n  i n t o  
a c c o u n t  under  t h e  ~ c t . 1 3  Here t h e  T r i b u n a l  was r e f e r r i n g  t o  e v i d e n c e  o f  
w e l l - r e s e a r c h e d  a l t e r n a t i v e s  and n o t  merely  t o  h y p o t h e t i c a l  p o s s i b i l i t i e s .  
I t  i s  u n c l e a r  a t  t h i s  s t a g e  what e f f e c t  t h e  r e c e n t  High Cour t  d e c i s i o n  on 
w a t e r  r i g h t s  f o r  t h e  C l u t h a  may have on t h e  T r i b u n a l ' s  powers o r  t e r m s  o f  
r e f e r e n c e  i n  h e a r i n g  e v i d e n c e .  
See ,  f o r  example,  Royal F o r e s t  and Bi rd  v  Bay o f  P l e n t y  Water Board (1978)  
6 NZTPA when t h e  T r i b u n a l  upheld  t h e  g r a n t  o f  a  w a t e r  r i g h t  f o r  c o n s t r u c t i o n  
o f  a  dam i n  t h e  a b s e n c e  o f  a b s o l u t e  e v i d e n c e  t h a t  t h e  w i l d l i f e  would 
l e a v e  t h e  a r e a  and t h e  f i s h i n g  b e  d e s t r o y e d  f o r e v e r .  I t  a c c e p t e d ,  w i t h  
no s u p p o r t i n g  e v i d e n c e  o f f e r e d ,  t h a t  a d d i t i o n a l  h y d r o - e l e c t r i c i t y  g e n e r a t i n g  
c a p a c i t y  was needed and f e l t  t h e  p u b l i c  i n t e r e s t  i n  e l e c t r i c i t y  outweighed 
t h e  i n t e r e s t s  o f  t h e  s e l e c t  few who used t h e  r i v e r .  I t  a l s o  i n d i c a t e d  
t h a t  it would award c o s t s  a g a i n s t  a p p e l l a n t s  where  t h e  a p p e a l  p r i n c i p a l l y  
i n v o l v e s  a  v a l u e  judgement.  
I t  is a p p a r e n t  from t h e  Waiau d e c i s i o n  t h a t  T r i b u n a l  a d j u d i c a t i o n  under  
t h e  Act i s  less t h a n  i d e a l  i n  examining t h e  wider  economic and s o c i a l  i s s u e s  
o f  a p roposed  wa te r  r e s o u r c e  s e r v i c e  development .  B e s i d e s  c l a i m a n t s  f o r  
n o n - e x c l u s i v e  u s e s  l i k e  r e c r e a t i o n ,  e x i s t i n g  wa te r  r i g h t  h o l d e r s  have no 
g u a r a n t e e  o f  p r i o r i t y  f o r  t h e  q u a n t i t y  o f  w a t e r  s p e c i f i c  i n  t h e i r  p r i o r  g r a n t s . 1 4  
Normally t h e  T r i b u n a l  w i l l  s t r i v e  t o  g r a n t  a  new w a t e r  r i g h t  i n  s u c h  form 
t h a t  p r o v i s i o n  is r e s e r v e d  f o r  t h e  r e a s o n a b l e  needs  o f  t h o s e  a l r e a d y  l a w f u l l y  
e n t i t l e d  t o  t a k e  wa te r  from p o i n t s  lower  downstream, b u t  t h e  i n t e r e s t s  o f  
e x i s t i n g  w a t e r - r i g h t  h o l d e r s  may be  outweighed by t h e  g r e a t e r  p u b l i c  b e n e f i t  
o f  g r a n t i n g  t h e  l a t e r  a p p l i c a t i o n .  From t h e  p o i n t  o f  view o f  n a t i o n a l  economic 
e f f i c i e n c y  t h i s  would be a n  a p p r o p r i a t e  p o l i c y ,  e x c e p t  t h a t  t h e  Act p r o v i d e s  
no r i g h t  o f  compensation f o r  t h o s e  a d v e r s e l y  a f f e c t e d .  I t  is  i m p o r t a n t  t o  
n o t e  t h a t  t h e  Crown can  by-pass  r i g h t s  o f  a p p e a l  by i n v o k i n g  s e c t i o n  2 3 ( 7 ) .  
T h i s  means t h a t  t h e  Governor-General  h a s  t h e  power t o  d e c l a r e  any w a t e r  t o  
b e  o f  n a t i o n a l  impor tance .  I t  is n o t  c l e a r ,  however, under  what c i r c u m s t a n c e s  
t h i s  power would be  used ,  b u t  i t  is c l e a r  t h a t  t h o s e  a f f e c t e d  by s u c h  an 
a p p l i c a t i o n  w i l l  have  no l e g a l  r i g h t  t o  b e  hea rd .  
The "Wild and Scen ic"  Amendment The 1981 Amendment t o  t h e  Water and 
S o i l  C o n s e r v a t i o n  Act, which came i n t o  e f f e c t  on 1 A p r i l  1982 ,  p r o v i d e s  f o r  
t h e  g r a n t i n g  o f  n a t i o n a l  o r  l o c a l  c o n s e r v a t i o n  o r d e r s  t o  p r o t e c t  r i v e r s  i n  
t h e i r  n a t u r a l  s t a t e .  A t  t h e  p r e s e n t  t i m e  t h e  Rakaia is a p o s s i b l e  c a n d i d a t e  
f o r  s u c h  a  c o n s e r v a t i o n  o r d e r .  I t  h a s  been l i s t e d  i n  a  d r a f t  i n v e n t o r y  o f  
w i l d  and s c e n i c  r i v e r s  f o r  u s e  by a p p l i c a n t s  s e e k i n g  p r o t e c t i o n  f o r  r i v e r s  
under  t h e  Amendment. Once a  r i v e r  is p r o t e c t e d  by a  n a t i o n a l  c o n s e r v a t i o n  
o r d e r ,  a  new wate r  r i g h t  c a n  o n l y  b e  g r a n t e d  i f  t h e  combined e f f e c t  o f  it 
and  any e x i s t i n g  r i g h t s  is s u c h  t h a t  t h e  t e r m s  o f  t h e  c o n s e r v a t i o n  o r d e r  
c a n  remain  w i t h o u t  change.  I n  t h e  c a s e  o f  a  l o c a l  c o n s e r v a t i o n  n o t i c e ,  however, 
t h e  A u t h o r i t y  would s imply  be  r e q u i r e d  t o  t a k e  i n t o  a c c o u n t  t h e  p r o v i s i o n s  
o f  t h e  o r d e r .  
An o r d e r  o r  n o t i c e  may p r o v i d e  f o r  t h e  q u a n t i t y ,  r a t e  o f  f low o r  l e v e l  
o f  t h e  water concerned t o  b e  r e t a i n e d  i n  i t s  n a t u r a l  s t a t e ,  o r  may s p e c i f y  
maximum and minimum d e p t h s  o r  r a t e s  and r a n g e s  o f  f low.  The form a n  o r d e r  
may t a k e  w i l l  be  c o n s t r a i n e d  by t h e  e f f e c t  o f  s e c t i o n  20 D ( 7 ) ,  which p r o v i d e s  
t h a t  n o t h i n g  i n  any o r d e r  s h a l l  a f f e c t  o r  r e s t r i c t  any p r i o r  g r a n t e d  r i g h t .  
There  a p p e a r s  t o  be  n o t h i n g  i n  t h e  Act t o  p r e v e n t  t h e  A u t h o r i t y  from g r a n t i n g  
w a t e r  r i g h t s  w h i l s t  a  c o n s e r v a t i o n  o r d e r  a p p l i c a t i o n  i s  under  c o n s i d e r a t i o n .  
Because o f  t h e  v e r y  n a t u r e  o f  t h e  c o n s e r v a t i o n  o r d e r  a p p l i c a t i o n ,  i t  
is  e x p e c t e d  t h a t  t h e  T r i b u n a l  would t a k e  a  much b r o a d e r  a p p r o a c h  t o  env i ronmenta l  
i s s u e s  i n  making its recommendations t h a n  it  h a s  f e l t  a b l e  t o  i n  t h e  c a s e  
o f  w a t e r  r i g h t s .  U l t i m a t e l y ,  one  may pe rhaps  doubt  whe the r  a n  unb iased  d e c i s i o n  
w i l l  b e  p o s s i b l e  when b o t h  i r r i g a t i o n  schemes and n a t i o n a l  c o n s e r v a t i o n  o r d e r s  
a r e  d e c i d e d  by t h e  Governor-General  i n  Counc i l  on t h e  a d v i c e  o f  t h e  M i n i s t e r  
( M i n i s t r y  o f  Works and Development) .  An o u t l i n e  o f  t h e  c o n s e r v a t i o n  o r d e r  
p r o c e d u r e  is set o u t  i n  F i g u r e  A2.1. 
Town P lann inq  Requirements  S e c t i o n  1 1 6 ( 1 )  o f  t h e  Town and Country 
P l a n n i n g  Act p r o h i b i t s  t h e  Crown from c o n s t r u c t i n g  o r  u n d e r t a k i n g  any p u b l i c  
EDS v  NWSCA (1976) 6 NZTPA 49.  I n  t h i s  d e c i s i o n  t h e  T r i b u n a l  a l s o  
i n d i c a t e d  t h a t  it would n o t  a c c e p t  an  Env i ronmenta l  Impact  Repor t  o r  
A u d i t  a s  e v i d e n c e .  
l3 Annan v  NWSCA and M i n i s t r y  o f  Energy 7  NZTPA 417. A p p l i c a t i o n  f o r  
w a t e r  r i g h t s  f o r  C l u t h a  High Dam. 
l4 S t a n l e y  v South  C a n t e r b u r y  Catchment Board (1971)  4  NZTPA. 
A p p l i c a t i o n  t o  M i n i s t e r  o f  Works by p u b l i c  
o r  l o c a l  a u t h o r i t y ,  s t a t u t o r y  body o r  
M i n i s t e r  h a v i n g  f u n c t i o n s ,  powers o r  d u t i e s  
r e l a t i n g  t o  o r  a f f e c t e d  by w a t e r  and  s o i l  
c o n s e r v a t i o n .  
l 
I 
R e f e r r e d  t o  A u t h o r i t y  f o r  c o n s i d e r a t i o n  
and recommendation a s  t o  whe the r  t o  t r e a t  
a s  n a t i o n a l  w a t e r  c o n s e r v a t i o n  o r d e r  o r  
l o c a l  water c o n s e r v a t i o n  n o t i c e  
I 
D e c i s i o n  by M i n i s t e r  o f  Works 
N a t i o n a l  Order  
r e f e r r e d  t o  r e f e r r e d  t o  
t h e  A u t h o r i t y  i o n a l  Water Board 
I 
P u b l i c  n o t i f i c a t i o n  n o t i f i c a t i o n  o f  h e a r i n g  
o f  s u b m i s s i o n s  by any  p e r s o n  o r  o f  s u b m i s s i o n s  by any pe r son  o r  
body a f f e c t e d  o r  r e p r e s e n t i n g  body a f f e c t e d  o r  r e p r e s e n t i n g  
some r e l e v a n t  a s p e c t  o f  t h e  some r e l e v a n t  a s p e c t  o f  t h e  




A u t h o r i t y  recommends:- 
P r e p a r a t i o n  o f  D e c l i n e  L o c a l  Recommend t h a t  P r e p a r a t i o n  D e c l i n e  
D r a f t  N a t i o n a l  A p p l i c a t i o n  N o t i c e  t h e  a p p l i c a t i o n  o f  D r a f t  Appl ic -  
b e  r e f e r r e d  t o  Local  a t i o n  
t h e  A u t h o r i t y  
I o;der \ / 
I The p a r t i e s  and  any  p e r s o n  o r  body The p a r t i e s  and  any Notice\ pe r son  o r  / body 
, a f f e c t e d  by t h e  d r a f t  o r d e r  have  a f f e c t e d  by t h e  d r a f t  o r d e r  have  
I r i g h t  o f  a p p e a l  t o  P l a n n i n g  T r i b u n a l  r i g h t  o f  a p p e a l  t o  P l ann ing  T r i b u n a l  
I I 
I T r i b u n a l  recommends : - T r i b u n a l  may 
I N a t i o n a l  D e c l i n e  
I 
Directs Board D i r e c t  a D e c l i n e  Recommend 
I 
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M i n i s t e r  has power o f  d e c i s i o n  
w h e t h e r  t o  f o l l o w  t h e  recommendation 
o f  A u t h o r i t y  o r  T r i b u n a l  
FIGURE A2.1 
O u t l i n e  o f  Conse rva t ion  Order  P r o c e d u r e  
Under t h e  'Wild and S c e n i c '  Amendment 
work where t h e r e  is a n  o p e r a t i v e  d i s t r i c t  scheme ( o t h e r  t h a n  u s e s  p e r m i t t e d  
a s  o f  r i g h t  o r  a s  c o n d i t i o n a l  u s e s  i n  t h e  scheme) u n t i l  e i t h e r  t h e  p u b l i c  
work h a s  been d e s i g n a t e d  " a s  p a r t  o f "  t h e  d i s t r i c t  scheme, o r  p l a n n i n g  c o n s e n t  
h a s  been a p p l i e d  f o r . 1 5  The M i n i s t e r  o f  Works h a s  f u l l  d i s c r e t i o n  a s  t o  
which p rocedure  he  w i l l  f o l l o w .  I r r i g a t i o n  r a c e s ,  d r a i n s ,  c h a n n e l s  and n e c e s s a r y  
i n c i d e n t a l  equipment a r e  deemed t o  be  p e r m i t t e d  " a s  o f  r i g h t "  t h r o u g h o u t  
e v e r y  d i s t r i c t  by v i r t u e  o f  s . 6 4 ( l ) ( c ) ,  a l t h o u g h  2 1  d a y s '  n o t i c e  o f  t h e i r  
p roposed  l o c a t i o n  must b e  g i v e n  t o  t h e  c o u n c i l  b e f o r e  any work is under taken .16  
I t  is n o t  c l e a r  whether  any impoundment ponds which may b e  n e c e s s a r y  f o r  
a n  i r r i g a t i o n  scheme f a l l  w i t h i n  t h i s  d e f i n i t i o n .  C e r t a i n l y  any h y d r o - e l e c t r i c  
development  p lanned i n  c o n j u n c t i o n  w i t h  t h e  proposed i r r i g a t i o n  schemes would 
f a l l  o u t s i d e  t h i s  s e c t i o n  o f  t h e  Act. 
I n  p r a c t i c e ,  d e s i g n a t i o n  w i l l  no rmal ly  be  s o u g h t ,  r e g a r d l e s s  o f  whether  
t h e  u s e  is p e r m i t t e d  o r  n o t ,  t o  e n s u r e  t h a t  t h e  l a n d  is n o t  p u t  t o  a  u s e  
which is  i n c o m p a t i b l e  w i t h  t h e  p roposed  development .  S e c t i o n  120  p r o v i d e s  
t h a t  once  a  r equ i rement  h a s  been made, and u n t i l  s u c h  t i m e  a s  i t  is withdrawn 
o r  r evoked ,  no pe r son  s h a l l  c a r r y  o u t  any work o r  s u b d i v i s i o n  o r  make any 
change  i n  t h e  u s e  o f  t h e  l a n d  c o n t r a r y  t o  t h e  r e q u i r e m e n t  w i t h o u t  t h e  c o n s e n t  
o f  t h e  p e r s o n ( s )  making t h a t  r e q u i r e m e n t .  The d e s i g n a t i o n  p r o c e d u r e  is set 
o u t  i n s . 1 1 8 . 1 7  T h e c o u n c i l m u s t p u b l i c l y n o t i f y  t h e  r e q u i r e m e n t a n d a n y  
body o r  pe r son  a f f e c t e d  o r  r e p r e s e n t i n g  some r e l e v a n t  a s p e c t  o f  t h e  p u b l i c  
i n t e r e s t  h a s  a r i g h t  o f  a p p e a l .  
A f t e r  c o n s i d e r i n g  any o b j e c t i o n s  and s u b m i s s i o n s  and t h e  M i n i s t e r ' s  r e a s o n s  
f o r  t h e  r e q u i r e m e n t ,  t h e  c o u n c i l  makes a  recommendation b u t  i t  d o e s  n o t  b ind  
t h e  M i n i s t e r  who r e t a i n s  t h e  power o f  d e c i s i o n .  There is  a  r i g h t  o f  a p p e a l  
t o  t h e  T r i b u n a l  from t h e  M i n i s t e r ' s  d e c i s i o n ,  b u t  i f  no a p p e a l  i s  lodged  
w i t h i n  t h e  t i m e  s p e c i f i e d  t h e  c o u n c i l  must amend t h e  d i s t r i c t  scheme t o  i n c l u d e  
t h e  requ i rement .18  The r e g i o n a l  p l a n  must a l s o  be  amended i f  a s  a r e s u l t  
o f  t h e  r e q u i r e m e n t  i t  i s  a t  v a r i a n c e  w i t h  t h e  d i s t r i c t  scheme. 
Under t h e  Act ,  t h e  T r i b u n a l  is ( e x p r e s s l y )  r e q u i r e d  t o  have r e g a r d  
t o  t h e  economic,  s o c i a l  and e n v i r o n m e n t a l  e f f e c t s  o f  t h e  p r o p o s a l ,  whether  
t h e  p roposed  work is r e a s o n a b l y  n e c e s s a r y  f o r  a c h i e v i n g  t h e  o b j e c t i v e s  o f  
t h e  M i n i s t e r ,  whether  t h e  s i t e  is s u i t a b l e ,  and t h e  e x t e n t  t o  which a d e q u a t e  
c o n s i d e r a t i o n  h a s  been g i v e n  t o  a l t e r n a t i v e  s i t e s ,  r o u t e s ,  o r  methods o f  
l5 Where c o n s e n t s  have been g r a n t e d  under  t h e  N a t i o n a l  Development Act 
t h i s  s e c t i o n  w i l l  n o t  a p p l y .  
l6 The c o u n c i l  may a p p e a l  t o  t h e  T r i b u n a l  a g a i n s t  t h e  p roposed  l o c a t i o n  
w i t h i n  1 4  days  o f  n o t i f i c a t i o n .  No r i g h t  o f  a p p e a l  is g i v e n  t o  any 
o t h e r  body o r  pe r son  a f f e c t e d .  ( s . 6 4 ( 2 ) ) .  
l7 Where t h e r e  is a  proposed d i s t r i c t  scheme s . 4 3  a p p l i e s  r a t h e r  t h a n  
s .118. .  They a r e  b r o a d l y  t h e  same i n  e f f e c t ,  t h e  fo rmer  s i m p l y  b e i n g  
i n c o r p o r a t e d  i n t o  normal a p p e a l  p r o c e d u r e s  f o r  p roposed  schemes.  
l8 A t  t h i s  s t a g e  i t  is  n o t  s u f f i c i e n t  t o  c l a i m  t o  r e p r e s e n t  some r e l e v a n t  
a s p e c t s  o f  t h e  p u b l i c  i n t e r e s t .  An a p p e l l a n t  must a l r e a d y  have p u t  
i n  a n  o b j e c t i o n  on t h i s  b a s i s ,  o r  must be  a b l e  t o  show t h a t  he is a f f e c t e d  
by t h e  d e c i s i o n .  I t  is worth  n o t i n g  h e r e  t h a t  R e g u l a t i o n  69  o f  t h e  
Town and Country P l a n n i n g  R e g u l a t i o n s  1978 a u t h o r i s e s  t h e  T r i b u n a l  
t o  h e a r  t o g e t h e r  a p p e a l s  r e l a t i n g  t o  t h e  same m a t t e r  under  b o t h  t h e  
Town and Country P l a n n i n g  Act and t h e  Water and S o i l  C o n s e r v a t i o n  
Act.  
a c h i e v i n g  t h e  o b j e c t i v e s  ( s . 1 1 8 ( 8 ) ) .  The T r i b u n a l  d o e s  n o t  c o n s i d e r  t h e s e  
t o  c o n s t i t u t e  an e x h a u s t i v e  l ist  of  t h e  m a t t e r s  t o  which it may have r e g a r d .  1 9  
I t  t a k e s  t h e  view t h a t  t h e  economic e f f e c t s  i t  i s  d i r e c t e d  t o  have r e g a r d  
t o  ( s . s . 8 )  a r e  t h o s e  r e l a t e d  t o  l a n d  u s e ;  t h u s ,  i t  w i l l  n o t  c o n s i d e r  t h e  
c o s t  o f  an  i r r i g a t i o n  p r o p o s a l  a s  such.20 Nor w i l l  it q u e s t i o n  t h e  o b j e c t i v e s  
o f  t h e  d e s i g n a t i n g  a u t h o r i t y  o r  d e c i d e  on t h e  " b e s t "  s i t e  f o r  t h e  proposed 
works.  But where a  proposed d e s i g n a t i o n  c o n f l i c t s  w i t h  m a t t e r s  d e c l a r e d  
t o  b e  o f  n a t i o n a l  i m p o r t a n c e  (by s . 3 ) ,  t h e  a u t h o r i t y  w i l l  b e  e x p e c t e d  t o  
p r o v e  a  n e c e s s i t y  f o r  t h e  p u b l i c  work i n  t h e  p a r t i c u l a r  a r e a  and show why 
o t h e r  s i t e s  a r e  n o t  s u i t a b l e . 2 1  M a t t e r s  o f  n a t i o n a l  i m p o r t a n c e  i n c l u d e :  
1. t h e  c o n s e r v a t i o n ,  p r o t e c t i o n  and enhancement o f  t h e  b i o l o g i c a l ,  c u l t u r a l  
and s o c i a l  env i ronment ;  
2 .  t h e  p r e s e r v a t i o n  o f  t h e  n a t u r a l  c h a r a c t e r  o f  t h e  m a r g i n s  o f  r i v e r s  
and t h e i r  p r o t e c t i o n  from unnecessa ry  development ;  
3 .  t h e  wise  u s e  and management o f  t h e  c o u n t r y ' s  r e s o u r c e s .  
I n  g e n e r a l ,  p r e v i o u s  d e c i s i o n s  o f  t h e  T r i b u n a l  have made i t  c l e a r  t h a t  
t h e  r e f e r e n c e  t o  c o n s e r v a t i o n  o r  p r e s e r v a t i o n  is n o t  i n t e n d e d  t o  p r e v e n t  
change ;  c o n t r o l l e d  change b e i n g  a  prime o b j e c t i v e  o f  t h e  Act .  S i m i l a r l y  
t h a t  r e f e r e n c e  t o  w i s e  u s e  o f  r e s o u r c e s  is aimed a t  e n s u r i n g ,  i n  a  p l a n n i n g  
s e n s e ,  t h a t  o p p o r t u n i t y  i s  a f f o r d e d  f o r  making f u l l  u s e  o f  r e s o u r c e s .  But 
i t  w i l l  n o t  d e c i d e  on i s s u e s  c o n c e r n i n g  t h e  economics o f  t h e  end p r o d u c t  
o r  c o n s i d e r  t h e i r  i m p a c t s  on s o c i a l  w e l f a r e ! 2 2  I n  a d d i t i o n ,  t h e r e  is no 
r i g h t  o f  a p p e a l  a g a i n s t  t h e  recommendations o f  t h e  T r i b u n a l  o r  t h e  d e c i s i o n  
o f  t h e  M i n i s t e r .  Also ,  t h e  M i n i s t e r  a p p e a r s  t o  have a n  u n f e t t e r e d  d i s c r e t i o n  
a s  t o  whether  he w i l l  i n v o k e  s e c t i o n  119 ( o v e r t u r n  t h e  T r i b u n a l )  and t h u s  
r e t a i n  f u l l  power o f  d e c i s i o n . 2 3  
One f i n a l  s e c t i o n  o f  t h e  Town and Country P l a n n i n g  Act which may have 
r e l e v a n c e  f o r  i r r i g a t i o n  development s h o u l d  b e  ment ioned.  S e c t i o n  56 empowers 
t h e  M i n i s t e r  ( M i n i s t r y  o f  Works and Development) t o  r e q u e s t  t h a t  any p r o v i s i o n  
o f  a n  o p e r a t i v e  d i s t r i c t  scheme be  changed ( e x c e p t  d u r i n g  a  p e r i o d  o f  review 
o f  a n  o p e r a t i v e  d i s t r i c t  scheme).  The Counc i l  must p u b l i c l y  n o t i f y  t h e  r e q u e s t  
and  f o l l o w  t h e  p r o c e d u r e  f o r  changes  t o  o p e r a t i v e  d i s t r i c t  schemes. I f  t h e  
r e q u e s t  i s  d i s a l l o w e d  by t h e  Counc i l  t h e  M i n i s t e r  c a n  a p p e a l  t o  t h e  P l a n n i n g  
T r i b u n a l .  T h i s  power may b e  v e r y  u s e f u l  i n  a  s i t u a t i o n  s u c h  a s  c u r r e n t l y  
p r e v a i l s  i n  t h e  Malvern County D i s t r i c t  Scheme, which a l l o w s  s u b d i v i o n  o f  
l9 Pukekohe Borough v  M i n i s t e r  o f  Works and Development (1981)  7  NZTPA 184. 
- 
Adamson Taipa  v  Manganui County D.  No. A134/80 C2062 
n 7 
LI Barron v  MWD D.  No. A161/80 C1997, H u t t  County and H u t t  V a l l e y  Drainage 
Board D New 56 180  C1379. 
Smith v  Waimate West Countv Counci l  1981  7  NZTPA 241. 
23 5.125 r e q u i r e s  t h a t  o u t l i n e  p l a n s  o f  works t o  b e  c o n s t r u c t e d  on d e s i g n a t e d  
l a n d  must be  s u b m i t t e d  t o  t h e  c o u n c i l  f o r  c o n s i d e r a t i o n  b e f o r e  c o n s t r u c t i o n  
commences, u n l e s s  t h e y  have been o t h e r w i s e  approved .  The c o u n c i l  may 
r e q u e s t  changes  and ,  i f  t h e  r e q u e s t  is r e f u s e d ,  may a p p e a l  t o  t h e  T r i b u n a l .  
S .s .2  e x c l u d e s  t h e  need t o  submi t  p l a n s  f o r  i r r i g a t i o n  r a c e s ,  d r a i n s ,  
c h a n n e l s  and i n c i d e n t a l  equipment ( o r  f o r  h y d r o - e l e c t r i c  i n s t a l l a t i o n  
o r  dams),  b u t  t h e  s e c t i o n  would a p p l y  t o  s e t t l i n g  ponds ( s u p p o s i n g  
t h e y  do n o t  f a l l  w i t h i n  s . 6 4  ( 1 )  ( c ) )  and t o  r e c r e a t i o n a l  f a c i l i t i e s  
p rov ided  i n  a s s o c i a t i o n  w i t h  t h e  proposed i r r i g a t i o n  schemes i f  p l a n s  
f o r  t h e s e  were n o t  s u b m i t t e d  when t h e  r e q u i r e m e n t  was made. 
smaller a r e a s  of  l a n d  o n c e  t h e  l a n d  i s  i r r i g a t e d .  From t h e  p o i n t  o f  view 
o f  i r r i g a t i o n  deve lopmen t ,  i t  is  c l e a r l y  d e s i r a b l e  t h a t  s u b d i v i s i o n  s h o u l d  
o c c u r  b e f o r e  i r r i g a t i o n  i s  p u t  i n  r a t h e r  t h a n  a f t e r .  The M i n i s t e r  may, 
t h e r e f o r e ,  wish  t o  r e q u e s t  a c h a n g e  i n  t h e  d i s t r i c t  scheme t o  t a k e  t h i s  
i n t o  a c c o u n t .  
APPENDIX 3 
SECTORAL OUTPUT, INCOME AND EMPLOYMENT MULTIPLIERS 
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APPENDIX 4  
FISHERIES' IMPLICATIONS OF R A K A I A  WATER DEVELOPMENT 
A Background Supplement 
The f o l l o w i n g  d a t a  and d i s c u s s i o n s  p r o v i d e  a d d i t i o n a l  background 
i n f o r m a t i o n  on t h e  Rakaia  f i s h e r i e s ,  and e x p l o r e  i n  more d e t a i l  some of  
t h e  i s s u e s  r a i s e d  i n  Chap te r  6.  These m a t e r i a l s  a r e  p r e s e n t e d  i n  f o u r  
s e c t i o n s :  
1. F i s h  s p e c i e s  and p o s s i b l e  changes  i n  t h e  r i v e r  eco-system due t o  
i r r i g a t i o n ,  
2.  Enhancement p o s s i b i l i t i e s  and l i m i t a t i o n s  w i t h  i r r i g a t i o n ,  
3 .  The c u r r e n t  s t a t u s  o f  q u i n n a t  salmon i n  e a s t  c o a s t  South  I s l a n d  r i v e r s ,  
and 
4. The p o s s i b l e  i m p a c t s  o f  i r r i g a t i o n  development on t h e  l i f e - c y c l e  
phases  o f  t h e  Rakaia  q u i n n a t .  
A4.1 Rakaia F i s h e r i e s  and E c o l o g i c a l  Chanqe 
The d i v e r s i t y  o f  f i s h  s p e c i e s  i n  t h e  Rakaia  R i v e r  ecosystem ( s e e  F i g u r e  
A4.1) is  dependent  on a  v a r i e t y  o f  h a b i t a t s  b e i n g  a v a i l a b l e .  Of  s p e c i a l  
impor tance  is t h e  e x i s t e n c e  o f  p o o l s  and r i f f l e s .  R i f f l e s  h e l p  t o  r eoxygena te  
t h e  w a t e r ,  s u p p o r t  i n v e r t e b r a t e  p o p u l a t i o n s ,  p r o v i d e  c o v e r  and l i v i n g  a r e a  
f o r  j u v e n i l e  f i s h ,  and a r e  p l a c e s  where sa lmonids  c a n  spawn. Poo l s  p r o v i d e  
c o v e r ,  n u r s e r y  a r e a s  f o r  young f i s h ,  and can  s t a b i l i s e  w a t e r  t e m p e r a t u r e s ,  
e s p e c i a l l y  when overhead  v e g e t a t i o n  is  p r e s e n t .  Such v e g e t a t i o n  p r o v i d e s  
c o v e r ,  food ( i n  t h e  form o f  f a l l i n g  t e r r e s t r i a l  i n s e c t s )  and a l s o  enhances  
bank s t a b i l i t y  b e c a u s e  o f  i ts r o o t  sys tems .  
The main food s o u r c e  f o r  f i s h  i n  t h e  Rakaia  is a q u a t i c  i n v e r t e b r a t e s .  
R i f f l e  zones  o f  s i d e  (minor )  c h a n n e l s  a r e  t h e  most i m p o r t a n t  f o r  a q u a t i c  
i n v e r t e b r a t e  p r o d u c t i o n .  However, t h e s e  a r e a s  a r e  l i k e l y  t o  be  t h e  f i r s t  
t o  d i s a p p e a r  i f  f low is reduced (Dav is ,  1979) .  
The main tenance  o f  t h e  r i v e r  ecosystem is  a l s o  dependen t  on temporal  
v a r i a b i l i t y .  F l u c t u a t i n g  w a t e r  l e v e l s  a r e  i n t e g r a l  t o  r i v e r  ecosys tems ,  
and t h e  f i s h  and i n v e r t e b r a t e s  found t h e r e  a r e  a d a p t e d  t o  chang ing  f lows  
( S t a l n a k e r ,  1 9 8 0 ) .  T h i s  n o t i o n  o f  t h e  v a r i a b i l i t y  i n  e c o l o g i c a l  sys tems ,  
i n c l u d i n g  major  d i s r u p t i o n s  such  a s  f l o o d s ,  b e i n g  e x t r e m e l y  i m p o r t a n t  i n  
c o n t r i b u t i n g  t o  ecosys tem r e s i l i e n c e  o r  p e r s i s t e n c e  is  o f  major  impor tance  
i n  a p p l i e d  eco logy  ( H o l l i n g ,  1 9 7 8 ) .  One o f  i t s  consequences  is  t h a t  a t t e m p t s  
t o  r educe  v a r i a b i l i t y  i n  s p a c e  o r  t i m e ,  even i n  a n  e f f o r t  t o  improve "environ-  
menta l  q u a l i t y " , s h o u l d  a lways  be q u e s t i o n e d .  
FIGURE A4.1 
F i s h  S p e c i e s  I n h a b i t i n q  t h e  Rakaia River  
* G a l a x i a s  macu la tus  Inanga (R, C )  
A r r i p i s  t r u t t a  Kahawai (R) 
A l d r i c h e t t a  f o r s t e r i  Yellow-eyed m u l l e t  (R)  
* Rhombosolea r e t i a r i a  Black f l o u n d e r  (R, C ) .  
B. LOWER RIVER RESIDENTS 
* Ret rop inna  r e t r o p i n n a  Common s m e l t  
* S t o k e l l i a  a n i s o d o n  S t o c k e l l ' s  s m e l t  
* Gobiomorphus c o t i d i a n u s  Common b u l l y  
C.  OTHERS 
* Neochanna b u r r o w s i u s  
* G e o t r i a  a u s t r a l i s  
* A n q u i l l a  d i e f f e n b a c h i i  
* A n q u i l l a  a u s t r a l i s  
* G a l a x i a s  b r e v i p i n n i s  
G a l a x i a s  v u l q a r i s  
G a l a x i a s  p a u c i s p o n d y l u s  
G a l a x i a s  p r o q n a t h u s  
+ Salmo a a i r d n e r i i  
*+ Salmo t r u t t a  
+ S a l v e l i n u s  f o n t i n a l i s  
*+ Oncorhynchus t s h a w y t s c h a  
* C h e i m a r r i c h t h y s  f o s t e r i  
* Gobiomorphus h u b b s i  
Gobiomorphus b r e v i c e p s  
Can te rbury  Mud? i s h  
Lamprey 
Longfinned e e l  (R, C) 
S h o r t f i n n e d  e e l  (R, C) 
Koaro 
Common r i v e r  g a l a x i a s  
Alp ine  g a l a x i a s  
Longjawed g a l a x i a s  
Rainbow t r o u t  
Brown t r o u t  (R)  
Brook c h a r  
Q u i n n a t  salmon (R, C) 
T o r r e n t  f i s h  
B l u e g i l l e d  b u l l y  
Upland b u l l y  
Source :  Basedon Davis  (1979)  
N o t a t i o n :  * i n d i c a t e s  m i g r a t o r y  s p e c i e s ,  c i n d i c a t e s  i n t r o d u c e d  s p e c i e s ,  
R = o f  r e c r e a t i o n a l  i m p o r t a n t ,  C = o f  commercia l  impor tance  
I A f u r t h e r  two s p e c i e s ,  t h e  pe rch  P e r c a  f l u v i a t i l u s  and t h e  g i a n  b u l l y  
Gobiomorphus q o b i o i d e s ,  a r e  o c c a s i o n a l  i n h a b i t a n t s  o f  t h e  l agoon  
(Eldon,  1981  ) . 
Converse ly ,  t h e  impor tance  o f  p e r i o d i c a l l y  h i g h  and/or  low f lows  t o  
t h e  i n t e g r i t y  o f  t h e  r i v e r  ecosystem s h o u l d  n o t  b e  t a k e n  a s  e v i d e n c e  t h a t  
t h e  ecosystem is c a p a b l e  o f  w i t h s t a n d i n g  such  maxima o r  minima i n d e f i n i t e l y .  
Although t h e  f i s h  s t o c k s  o f  t h e  Rakaia once  s u r v i v e d  a low flow o f  79 cumecs 
f o r  a s h o r t  p e r i o d  o f  t i m e ,  i t  does  n o t  f o l l o w  t h a t  t h e y  c o u l d  do s o  o v e r  
l o n g e r  p e r i o d s ,  o r  s u c c e s s i v e l y  summer a f t e r  summer. I n  f a c t ,  r e c o v e r y  
from such  d rough t  c o n d i t i o n s  p robab ly  o c c u r s  o v e r  s e v e r a l  y e a r s  ( S t a l n a k e r ,  
1 9 8 0 ) .  
Not s u r p r i s i n g l y ,  t h e r e f o r e ,  i t  is  n o t  y e t  p o s s i b l e  f o r  f i s h e r i e s  
b i o l o g i s t s  t o  s p e c i f y  t h e  e f f e c t  o f  w a t e r  a b s t r a c t i o n  on i n d i v i d u a l  f i s h  
p o p u l a t i o n s  o f  t h e  Raka ia  River .  Th i s  u n c e r t a i n t y  is  c o m p l i c a t e d  by t h e  
p r e v i o u s l y  ment ioned a b s e n c e  o f  knowledge on how t h e  proposed schemes w i l l  
a f f e c t  p h y s i c a l  p a r a m e t e r s  i m p o r t a n t  i n  f i s h  m i c r o h a b i t a t .  Fur the rmore ,  
even  i f  such changes  c o u l d  b e  p r e d i c t e d ,  t h e  changes  i n  numbers o f  each  
f i s h  s p e c i e s  a s s o c i a t e d  w i t h  any p a r t i c u l a r  f low reg ime  c a n  n o t  y e t  b e  q u a n t i f i e d  
( S t a l n a k e r ,  1980) .  
A s  f a r  a s  t h e  l a t t e r  p o i n t  is concerned ,  an  a t t e m p t  h a s  r e c e n t l y  been 
made t o  summarise t h e  a v a i l a b l e  i n f o r m a t i o n  on t h e  h a b i t a t  r e q u i r e m e n t s  
o f  New Zealand f i s h  (Church e t . a l . ,  1979) .  Hornrever, b e c a u s e  many h a b i t a t  
f a c t o ~ s i n t e r a c t  i n  a complex manner, i t  is n o t  p o s s i b l e  t o  s imply  add t h e  
r e s p o n s e s  of f i s h  t o  e a c h  f a c t o r  i n  i s o l a t i o n ,  t o  q u a n t i f y  t h e i r  o v e r a l l  
r e s p o n s e .  Fur the rmore ,  t h e  complex i ty  o f  b i o l o g i c a l  i n t e r a c t i o n s  means 
t h a t  even i f  one  s p e c i e s  is n o t  d i r e c t l y  a f f e c t e d  by changes  i n  p h y s i c a l  
p a r a m e t e r s  such  a s  w a t e r  t e m p e r a t u r e ,  i t  may s t i l l  be i n d i r e c t l y  a f f e c t e d  
if a n o t h e r  s p e c i e s  on which it f e e d s  o r  w i t h  which i t  competes is a f f e c t e d .  
An example o f  such  a n  i n d i r e c t  e f f e c t  would be i f  low w a t e r  f l o w s  made upst ream 
m i g r a t i n g  salmon more v u l n e r a b l e  t o  p r e d a t o r s  (which i n c l u d e  a n g l e r s ) .  
The i r r i g a t i o n  i n t a k e s  themse lves  a r e  l i k e l y  t o  have d i r e c t  b u t  l o c a l i s e d  
i m p a c t s  on f i s h  p o p u l a t i o n s .  They may r e n d e r  t h e  immediate  r e a c h e s  o f  t h e  
r i v e r  u n s u i t a b l e  f o r  f i s h  h a b i t a t  by a l t e r i n g  s t r e a m  morphology and r e d u c i n g  
t h e  amount o f  c o v e r .  Damming o f  p a r t  o f  t h e  r i v e r  may a l s o  t r a p  a d u l t  salmon 
m i g r a t i n g  upst ream t o  spawn, a s  h a s  o c c u r r e d  i n  t h e  Leve l  P l a i n s  I r r i g a t i o n  
Scheme on t h e  Opih i  R i v e r  (Hardy,  1 9 7 2 ) .  However, p l a c i n g  f i s h  s c r e e n s  
o v e r  i n t a k e s  o r  c o n s t r u c t i n g  by-passes  t o  d i v e r t  f i s h  back t o  t h e  r i v e r  
c a n  reduce  t h e  l o s s  o f  f i s h  i n t o  i n t a k e s  (Fie ld-Dodgson,  1 9 7 9 ) ,  b u t  f o r  
economicreasons  t h e s e  have n o t  been i n c l u d e d  on most p r e v i o u s  i r r i g a t i o n  
schemes (Wing, 1981  ) . 
A4.2 Enhancement P o s s i b i l i t i e s  and L i m i t a t i o n s  w i t h  I r r i q a t i o n  
I t  is p o s s i b l e  t h a t  i r r i g a t i o n  development c o u l d  enhance t h e  s u r v i v a l  
o f  t h e  Can te rbury  mudfush,  a s  i t  is known t o  o c c u r  i n  i r r i g a t i o n  r a c e s  (McDowall, 
1 9 8 0 ) .  Elsewhere ,  i t  h a s  been s u g g e s t e d  t h a t  t h e  i r r i g a t i o n  r a c e s  c o u l d  
b e  developed a s  t r o u t  h a b i t a t  (Douglass  e t - a l . . ,  1979)  o r  a s  sa lmon- rea r ing  
h a b i t a t  (Lewthwai te ,  1 9 8 2 ) .  However, i t  is d o u b t f u l  t h a t  s u c h  a r e s o u r c e  
would be  o f  any s i g n i f i c a n c e  f o r  s e v e r a l  r e a s o n s .  
B i o l o g i c a l  The c h a r a c t e r i s t i c s  o f  p r e s e n t  i r r i g a t i o n  sys tems  make 
them u n s u i t a b l e  a s  sa lmonid  h a b i t a t .  Although t r o u t  a r e  sometimes found 
i n  i r r i g a t i o n  r a c e s  ( e . g . ,  i n  t h e  Ashburton-Lyndhurst  Scheme), t h e y  t e n d  
t o  b e  s m a l l  and d i s e a s e - p r o n e .  Some o f  t h e  l i m i t a t i o n s  o f  p r e s e n t  i r r i g a t i o n  
r a c e s  a r e :  
1. d e p t h ,  t e m p e r a t u r e ,  v e l o c i t y  and oxygen c o n t e n t  u n l i k e l y  t o  be 
s u i t a b l e ,  
2. t h e  i n v e r t e b r a t e  i n s e c t s  on which s a l m o n i d s  f e e d  a r e  found on g r a v e l  
bot toms,  n o t  mud bo t toms  a s  many r a c e s  have ,  
3 .  a  sequence o f  p o o l / r u n / r i f f l e  is n e c e s s a r y  t o  p r o v i d e  h a b i t a t  f o r  
a  r ange  o f  a g e s ;  t h i s  would r e q u i r e  a  meander i n  t h e  r a c e s  o r  a  purpose- 
f u l  e n g i n e e r i n g  d e s i g n ,  
4. t h e r e  is i n s u f f i c i e n t  overhang ing  cover  t o  p r o v i d e  s h a d e  and t e r r e s t r i a l  
food i t e m s ,  
5. t h e  i r r i g a t i o n  r a c e s  a r e  d r a i n e d  i n  w i n t e r  and f i s h  would have t o  
be  s a l v a g e d  and r e t u r n e d  t o  t h e  main r i v e r ,  
6. t h e  b e h a v i o u r a l  r e s p o n s e s  o f  s a l m o n i d s  ( i n  p a r t i c u l a r ,  t h e  t e r r i t o r i a l  
r e q u i r e m e n t s  o f  t r o u t )  a r e  i n a d e q u a t e l y  known and may l i m i t  t h e i r  
t o l e r a n c e  o f  c o n d i t i o n s  i n  i r r i g a t i o n  r a c e s ,  
7.  run-of f  o f  f e r t i l i s e r s ,  p e s t i c i d e s  and o t h e r  c h e m i c a l s  from t h e  s u r r o u n d i n g  
f i e l d s  may i m p a i r  s u r v i v a l  o f  f i s h ,  and 
8. t h e  very  r e a l  danger  o f  d i s e a s e  and t h e  expense  o f  c o n t r o l l i n g  it. 
S o c i a l ,  I n s t i t u t i o n a l  and Leqal  Who a r e  t h e  f i s h  t o  b e  p r o v i d e d  
f o r ?  I f  t h e y  a r e  f o r  r e c r e a t i o n a l  f i s h e r m e n ,  t h e n  t h e  f o l l o w i n g  problems 
a r i s e :  
1. t r o u t  f i s h i n g  i n  i r r i g a t i o n  r a c e s  is u n l i k e l y  t o  h o l d  much appea l  
t o  a n g l e r s ,  
2 .  t h e  f i s h  p r e s e n t  a r e  u n l i k e l y  t o  be  i n  good enough c o n d i t i o n  t o  a t t r a c t  
f i s h e r m e n ,  
3. f a r m e r s  would a l m o s t  c e r t a i n l y  be u n w i l l i n g  t o  a l l o w  f i s h e r m e n  a c c e s s  
t o  t h e i r  r a c e s ,  and 
4 .  t h e y  a r e  a l s o  u n l i k e l y  t o  want t e r r e s t r i a l  v e g e t a t i o n  a round  t h e  r a c e s .  
I f  t h e y  a r e  f o r  a  commercial  o p e r a t i o n ,  t h e n  t h e  q u e s t i o n  o f  ownersh ip  a r i s e s  
when t h e  f i s h  r e t u r n  t o  t h e  r i v e r  from t h e  s e a .  
Economic The a r e a  t a k e n  up by f i s h e r i e s  r e q u i r e m e n t s  would r e d u c e  
t h e  economic v i a b i l i t y  o f  t h e  i r r i g a t i o n  schemes,  s i n c e :  
1. m o d i f i c a t i o n s  t o  t h e  r a c e s  might  a l t e r  t h e  e f f i c i e n c y  o f  i r r i g a t i o n ,  
2. i f  s u f f i c i e n t  food was n o t  n a t u r a l l y  a v a i l a b l e ,  t h e  c o s t  o f  s u p p l y i n g  
f i s h  food would b e  e x p e n s i v e ,  and 
3 .  t h e  c o s t s  o f  s a l v a g e  o p e r a t i o n s  c o u l d  p rove  e x p e n s i v e  a s  w e l l .  
These problems p l a c e  c o n s t r a i n t s  on t h e  s i g n i f i c a n c e  o f  any f i s h  
p r o d u c t i o n  t h a t  c o u l d  be  a c h i e v e d  i n  i r r i g a t i o n  raceways .  The p o s s i b i l i t y  
o f  p r o v i d i n g  wa te r fowl  h a b i t a t  i s  probab ly  a  more f e a s i b l e  i d e a ,  a l t h o u g h  
i n c r e a s e d  duck and g e e s e  numbers might n o t  b e  f a v o u r e d  by f a r m e r s .  However, 
s u c h  h a b i t a t  would p r o b a b l y  be  l i m i t e d  i n  e x t e n t  t o  a r e a s  around t h e  s e d i m e n t  
ponds.  Again, a s  w i t h  f i s h  p r o d u c t i o n ,  t h e  q u e s t i o n s  o f  who t h e  r e s o u r c e  
i s  b e i n g  p rov ided  f o r  and whether a  demand f o r  i t  e x i s t s  need t o  be  examined.  
A4.3 C u r r e n t  S t a t u s  o f  t h e  Q u i n n a t  Salmon F i s h e r y  i n  New Zealand 1 
I n t r o d u c t i o n  Three  s p e c i e s  o f  salmon have been s u c c e s s f u l l y  i n t r o d u c e d  
t o  New Zealand: Q u i n n a t  salmon (Oncorhynchus t s h a w y t s c h a ) ,  Sockeye salmon 
(Oncorhynchus n e r k a )  and A t l a n t i c  salmon (Salmo s a l a r  s e b a g o ) .  Salmon a r e  
found on ly  i n  t h e  South  I s l a n d ,  w i t h  t h e  most abundan t  s p e c i e s ,  t h e  Q u i n n a t ,  
o c c u r r i n g  a s  sea - run  and l a k e  l i m i t e d  s t o c k s .  N e i t h e r  Sockeye nor  A t l a n t i c  
sa lm  have e s t a b l i s h e d  sea - run  p o p u l a t i o n s  i n  N e w  Zea land ,  and ,  because  
o f  t h e i r  r e l a t i v e l y  small s i z e  t h e y  a r e  seldom f i s h e d  f o r  by t h e  f r e s h w a t e r  
a n g l e r .  The q u i n n a t  however is g r e a t l y  s o u g h t  a f t e r  a s  a  r e c r e a t i o n a l  f i s h .  
D i s t r i b u t i o n  A t  p r e s e n t  t h e  nor thern-most  d i s t r i b u t i o n  of q u i n n a t  
i s  t h e  Waiau R i v e r ,  North Can te rbury  ( F l a i n ,  1 9 7 2 ) ;  a l t h o u g h  i s o l a t e d  spawning 
is known t o  occur  i n  t h e  Wairau and C l a r e n c e  R i v e r s .  The g r e a t e s t  f i s h e r i e s ,  
however, occur  i n  t h e  r i v e r s  d r a i n i n g  t h e  S o u t h e r n  Alps ,  and f lowing  i n t o  
t h e  s e a  o f f  Can te rbury  and North Otago. Hence, t o  t h e  s o u t h  o f  t h e  W a i t a k i ,  
t h e  C l u t h a  is t h e  o n l y  r i v e r  i n  which a sea - run  q u i n n a t  f i s h e r y  o c c u r s .  
On t h e  West Coast  o f  t h e  South  I s l a n d  p ro longed  l i b e r a t i o n s  o f  q u i n n a t  f r y  
have r e s u l t e d  i n  t h e  development o f  some s m a l l  r u n s  ( F l a i n ,  1 9 7 2 ) .  
There seems l i t t l e  doub t  t h a t  t h e  s u c c e s s f u l  a c c l i m a t i s a t i o n  and p r e s e n t  
d i s t r i b u t i o n  of q u i n n a t  is l a r g e l y  due t o  ocean c u r r e n t s ,  t e m p e r a t u r e ,  and 
s a l i n i t y  b e i n g  s i m i l a r  t o  t h o s e  o f f  t h e  mouth o f  t h e  Sacrament0  R i v e r ,  C a l i f o r n i a  
( E g g l e s t o n ,  1972;  P a r r o t t ,  1 9 7 1 ) ,  which is  where t h e  N e w  Zealand q u i n n a t  
o r i g i n a t e d .  I t  seems improbab le ,  t h e r e f o r e ,  t h a t  t h e  p r e s e n t  r ange  o f  
d i s t r i b u t i o n  w i l l  be e x t e n d e d  t o  o t h e r  a r e a s .  The p r e s e n t  d i s t r i b u t i o n  
o f  s e a  run  q u i n n a t  sa lmon i n  t h e  South  I s l a n d  is shown i n  F i g u r e  A4.2. 
The S t a t u s  o f  Salmon R i v e r s  A summary o f  t h o s e  E a s t  Coas t  R i v e r s  
where y e a r l y  r u n s  o f  sa lmon a r e  r ecorded  i s  p r o v i d e d  i n  Tab le  A4.1. Tab le  A4.2 
r e p o r t s  t h e  e s t i m a t e d  sa lmon p o p u l a t i o n s  f o r  t h e  1979/80 s e a s o n .  
1. Waiau River  : 
The salmon r u n  i n  t h e  Waiau v a r i e s  c o n s i d e r a b l y  i n  s i z e  b u t  is  normal ly  
o f  t h e  o r d e r  o f  a  few hundred f i s h .  Angling p r e s s u r e  is low because  o f  
t h e  s m a l l  run and b e c a u s e  o f  t h e  d i s t a n c e  from C h r i s t c h u r c h .  The Waiau 
P l a i n s  I r r i g a t i o n  Scheme is t h e  p r i n c i p a l  w a t e r  a b s t r a c t i o n  on t h e  r i v e r ,  
w i t h  f u t u r e  schemes now b e i n g  planned.  During t h e  1980/81 s e a s o n  t h e  r i v e r  
mouth c l o s e d ,  a p p a r e n t l y  f o r  t h e  f i r s t  t i m e  (Hughey, 1 9 8 2 ) .  
2 .  Hurunui R iver :  
V a r i a b l e  s i z e d  r u n s  o c c u r  i n  t h i s  r i v e r .  Because  o f  t h e  d i s t a n c e  
from C h r i s t c h u r c h  it  h a s  low t o  moderate  f i s h i n g  p r e s s u r e .  Low f lows  d u r i n g  
t h e  summer spawning m i g r a t i o n  a r e  known t o  l e a d  t o  p h y s i o l o g i c a l  s t r e s s  
i n  t h e  salmon (Docher ty  e t . a l . ,  1 9 7 8 ) .  T h i s  s i t u a t i o n  may be  e x a c e r b a t e d  
E x c e r p t s  from The Salmon Anqler ,  Vol. 8 ,  No. 1, October  1981,  pp. -10-21.  
TABLE A4.1 
Status of Salmon Rivers and their Subjective Rankinq 1 
Water Resource Development Recreational Angler Status Salmon Status Future Scientific Scenic Satisfaction Productivity of Status Ranking River (All user Research Value with River 
4 ( RelaLive Salmon Existing Under ]Impact3 (New Groups) Ranking2 Ranking and Salmon Planned Sclienles Construct ion Ranking Ranking) Fishery Development) Fishery 
Waiau Irrigation. 10 Variable Same 10 - 2 All right at 
tintes 




B Variable Same 7 2 5 Good at 
times 
Pollution in 
Waimakariri lower reaches Major Decline 
Good to 
excellent 
Rakaia Snlall amount of irrigation 3 Irrigat ion/HEP Major Decline 
Extremely 
satisfying 
1 Ashburton Irrigation 6 Significant Decline 8 - 7 Generally 
unhappy 
Rangi tata Irrigation 2 Ma jor Decline 4 - 6 Pleasing 
p --- 
Opihi Irrigation 7 Significant Same Generally 
unhappy 
Lower Waitaki Irrigation/liEP 
Channel 




HEP 1 HEP 9 Variable Same 5 B Allright at Lower Clutha - t irnes 
1. Much of this table is a subjective evaluation of the salmon fisheries and is based on personal knowledge and discussions with those having personal 
experience of conditions in the rivers concerned. 
2. The Rakaia is given top ranking because of the Fisheries Research occurring on the river and because of the important habitat provided for the Wrybilled 
Plover and Black-fronted Tern populations. 
3. Key: 1. Major erfect on salmon fistiery, i.e. closure of river mouths, prevention of access to spawning grounds. 
2. Significant effect, i.e. reduction in suitable rearing habitat, occurrence of stress situations. 
3. Minor effect, i.e. as yet undefinable. 
4. Assuming planned developn~ent proceeds. 
FIGURE A4.2 
The D i s t r i b u t i o n  o f  Q u i n n a t  Salmon R i v e r s  











by t h e  development o f  t h e  Balmoral  I r r i g a t i o n  Scheme d u e  t o  t h e  u n n a t u r a l  
f low c o n d i t i o n s  which w i l l  t h e n  o c c u r  i n  t h e  r i v e r .  A p roposed  l o c a l  hydro  
dam on t h e  North b r a n c h  may l e a d  t o  d e t r i m e n t a l  e f f e c t s .  These i m p a c t s  
have  been summarised ( B r y a n t ,  1979)  a s  b e i n g  a s s o c i a t e d  w i t h :  i n c r e a s e s  
i n  w a t e r  t e m p e r a t u r e  and r e d u c t i o n s  i n  d i s s o l v e d  oxygen l e v e l s ;  r e d u c t i o n  
i n  r e a r i n g  h a b i t a t ;  d i v e r s i o n  o f  f i s h  i n t o  i r r i g a t i o n  r a c e s ;  s a l i n i t y  i n c r e a s e ;  
and  b a r r i e r s  t o  m i g r a t i o n .  
3 .  Ashley R i v e r :  
There  is  a  v a r i a b l e  r u n  o f  salmon i n  t h i s  r i v e r  which is g e n e r a l l y  
dependen t  on t h e  f low c o n d i t i o n s  p r e v a i l i n g  d u r i n g  t h e  s e a s o n  i n  q u e s t i o n .  
Water a b s t r a c t i o n s  have r e s u l t e d  i n  t h e  a n n u a l  d r y i n g  o f  l a r g e  s e c t i o n s  
o f  t h e  r i v e r - b e d .  T h i s  s t o p s  salmon m i g r a t i o n  t o  s t a b l e  spawning g rounds  
and f o r c e s  a d u l t  f i s h  t o  spawn i n  t h e  f l o o d  p r o n e  g r a v e l s  t h u s  r e s u l t i n g  
i n  g r e a t l y , i n c r e a s e d  j u v e n i l e  m o r t a l i t y .  F i s h i n g  p r e s s u r e  is g e n e r a l l y  
low t o  moderate .  
4 .  Waimakar i r i  R ive r  : 
T h i s  r i v e r  is e x t e n s i v e l y  f i s h e d  by C h r i s t c h u r c h  r e s i d e n t s ,  p a r t i c u l a r l y  
i n  t h e  midd le  t o  low r e a c h e s .  I t  h a s  a  major  sa lmon r u n  and is  a l s o  i n t e n s i v e l y  
TABLE A4.2 
E s t i m a t e s  o f  t h e  Number o f  Sea-Run Salmon R e t u r n i n q  t o  Spawn 
i n  South  I s l a n d  E a s t  Coas t  R i v e r s  During t h e  1979/80 Season 
R i v e r  
System 
E x p e r t  Opinion on P r o b a b l e  Salmon Numbers 
H i g h e s t  Most P r o b a b l e  Lowest 
Waimakar i r i  
Raka ia  
R a n g i t a t a  
W a i t a k i  
C l u t h a  
Ashbur ton 




t h o u s a n d s  
9 .0  
1 6  .O 
8 . 0  
1 2  .o 
1 .o 
2  .o 
1 . 0  
3 .O 
0 . 2  
1 .o 
R i v e r  T o t a l s  114 .5  53.2  20.3 
Source :  L e a t h e r s  and Holmes (1981)  
u s e d  by t r o u t  f i she rmen ,  j e t b o a t e r s ,  c a n o e i s t s  and o t h e r  r e c r e a t i o n a l i s t s .  
There  a r e  no major  w a t e r  a b s t r a c t i o n s  from t h e  r i v e r  a t  p r e s e n t ,  b u t  p o l l u t i o n  
is a  p o t e n t i a l l y  s e r i o u s  problem i n  t h e  lower  r e a c h e s .  Dur ing summer n a t u r a l  
r i v e r  f l o w s  can  d rop  t o  a  v e r y  low l e v e l .  H y d r o - e l e c t r i c  and i r r i g a t i o n  
development  have been p roposed  f o r t h e  R i v e r ,  w i t h  t h e  l a t t e r  seeming t h e  
most  p r o b a b l e  i n  t h e  f o r s e e a b l e  f u t u r e .  
5. Rakaia  River :  
The Rakaia  is  t h e  most  i m p o r t a n t  r e c r e a t i o n a l  sa lmon r i v e r  r emain ing  
i n  New Zea land ,  b e i n g  h e a v i l y  f i s h e d  by a n g l e r s  from C h r i s t c h u r c h ,  Ashburton 
and Timaru, from t h e  North I s l a n d ,  and from o v e r s e a s .  F o r  t h e  1978/79 p e r i o d  
Unwin (1980)  c a l c u l a t e d  t h a t  a b o u t  8 ,000  a n g l e r s  used t h e  r i v e r .  T h i s  f i g u r e  
is c e r t a i n  t o  u n d e r e s t i m a t e  t h e  a c t u a l  t o t a l  because  o f  t h e  l i m i t e d  s i z e  
o f  t h e  p o p u l a t i o n  sampled.  Thus, i t  is  e s t i m a t e d  t h a t  t h e  t o t a l  number 
o f  a n g l e r s  u s i n g  t h e  r i v e r  i s  o v e r  10 ,000  p e r  annum. H i s t o r i c a l l y ,  f i s h i n g  
p r e s s u r e  h a s  been g r e a t e s t  a t  t h e  mouth. Now it  is s p r e a d  more e v e n l y  o v e r  
t h e  e n t i r e  r i v e r  t o  a  p o i n t  40km above t h e  Gorge b r i d g e .  
The r i v e r  is u n p o l l u t e d  and a t  p r e s e n t  t h e r e  a r e  o n l y  minor a b s t r a c t i o n s  
f o r  i r r i g a t i o n  purposes .  However, due  t o  t h e  d i v e r s i o n  o f  t h e  W i l b e r f o r c e  
River  i n t o  Lake C o l e r i d g e  (aimed a t  r a i s i n g  g e n e r a t i n g  c a p a c i t y ) ,  a c c e s s  
t o  spawning g rounds  a s s o c i a t e d  w i t h  t h e  r i v e r  h a s  been g r e a t l y  impeded. 
6. Ashburton R i v e r :  
The Ashburton was once  a n  e x c e l l e n t  salmon r i v e r  (Hughey, 1 9 8 2 ) .  
Now, because  o f  i r r i g a t i o n  a b s t r a c t i o n s ,  i ts  salmon s t o c k  h a s  been s i g n i f i c a n t l y  
reduced.  During t h e  1980/81 s e a s o n  t h e  r i v e r  mouth was c l o s e d  f o r  a  p e r i o d  
o f  1 0  weeks. Angl ing p r e s s u r e  i s  a lmos t  e x c l u s i v e l y  c o n c e n t r a t e d  a t  t h e  
mouth. 
7. R a n g i t a t a  R i v e r :  
Although t h e  R a n g i t a t a  is c o n s i d e r e d  a  good salmon r i v e r ,  i t  was f o r m e r l y  
r e g a r d e d  a s  b e i n g  e x c e l l e n t .  T h i s  d e g r a d a t i o n  i n  s t a t u s  is d i r e c t l y  a t t r i -  
b u t a b l e  t o  major water a b s t r a c t i o n s ,  p a r t i c u l a r l y  t h e  R a n g i t a t a  D i v e r s i o n  
Race. There is modera te  t o  heavy f i s h i n g  p r e s s u r e  from t h e  mouth t o  t h e  
Gorge. F u r t h e r  i r r i g a t i o n  p l u s  a  hydro dam i n  t h e  Gorge a r e a  a r e  p o s s i b l e  
i n  t h e  f u t u r e .  
8 .  Opih i  R i v e r :  
L ike  t h e  Ashbur ton t h i s  was once  a n  e x c e l l e n t  salmon r i v e r ,  b u t  i t .  
t o o  h a s  been g r e a t l y  degraded  by w a t e r  a b s t r a c t i o n  f o r  i r r i g a t i o n .  The 
r i v e r  c l o s e s  v i r t u a l l y  a l l  summer and is opened by manpower t o  l e t  some 
salmon i n t o  t h e  r i v e r  e a c h  y e a r .  F i s h i n g  p r e s s u r e  is moderate .  The midd le  
r e a c h e s  o f  t h e  r i v e r  a r e  c h a r a c t e r i s e d  by ex t reme  low f low problems.  
9. Wai taki  R iver :  
P r i o r  t o  development  t h i s  was New Z e a l a n d ' s  g r e a t e s t  salmon r i v e r .  
However, t h e  c o n s t r u c t i o n  o f  t h e  Wai tak i  dam p r e v e n t e d  a c c e s s  f o r  m i g r a t i n g  
a d u l t  salmon t o  key u p - r i v e r  spawning a r e a s .  Pre-development r u n s  have 
been e s t i m a t e d  t o  exceed  100,000 f i s h .  Now t h e y  a r e  r educed  t o  l e s s  t h a n  
10 ,000 .  F i s h i n g  p r e s s u r e  i s  r e l a t i v e l y  heavy from t h e  mouth t o  Kurow. 
The major hydro scheme now planned f o r  t h e  lower  r e a c h e s  o f  t h e  Wai tak i  
c o u l d  r e s u l t  i n  t h e  demise  o f  t h e  salmon f i s h e r y  i n  t h i s  r i v e r  i f  a p p r o p r i a t e  
m i t i g a t i n g  measures  a r e  n o t  t a k e n .  
1 0 .  C l u t h a  River :  
The c o n s t r u c t i o n  o f  t h e  C l u t h a  dam h a s  v i r t u a l l y  e l i m i n a t e d  t h i s  
h i s t o r i c a l l y  i m p o r t a n t  salmon r i v e r .  Access is p r e v e n t e d  t o  p r a c t i c a l l y  
a l l  i m p o r t a n t  spawning g rounds .  
D i s c u s s i o n  The r e l a t i v e  s t a t u s  and a n g l i n g  i m p o r t a n c e  o f  salmon 
r i v e r s  i n  New Zealand h a s  changed markedly due t o  w a t e r  developments  i n  
t h e  p a s t .  Every salmon r i v e r  h a s  been a f f e c t e d  t o  some e x t e n t .  These i m p a c t s  
have  l e d  t o  major r e d u c t i o n s  i n  t h e  p r o d u c t i v i t y  o f  f i s h e r i e s  such  a s  t h e  
C l u t h a ,  Wai tak i ,  O p i h i ,  Ashburton and Ashley R i v e r s .  Other  r i v e r s  l i k e  
t h e  R a n g i t a t a ,  Hurunui and Waiau have,  u n t i l  now, been o n l y  modera te ly  a f f e c t e d  
T h i s  l e a v e s  o n l y  t h e  Raka ia  and Waimakar i r i  R i v e r s  a s  s u b s t a n t i a l l y  unmodif ied .  
I t  is  a l s o  i m p o r t a n t  t o  n o t e  t h a t  development  is p lanned  f o r  t h o s e  
f o u r  r i v e r s  hav ing  "major" salmon r u n s .  For t h e  W a i t a k i  t h i s  might  mean 
t h a t  f u t u r e  a n g l e r s  w i l l  f i s h  i n  a n  a r t i f i c i a l  " r e c r e a t i o n a l  c h a n n e l " .  
I n  t h e  R a n g i t a t a  r e c e n t  m o d i f i c a t i o n s  t o  t h e  i n t a k e  o f  t h e  major  d i v e r s i o n  
r a c e  have r e s u l t e d  i n  t h e  f o r t n i g h t l y  d e s i l t i n g  o f  t h e  s e t t l i n g  ponds.  
A s  t h i s  o c c u r s  on a  Thursday,  i t  is a  d i r t y  r i v e r  e v e r y  second  weekend. 
I r r i g a t i o n  o f  l a r g e  a r e a s  n o r t h  o f  t h e  Waimakar i r i  a r e  p lanned  f o r  t h e  f u t u r e .  
T h i s  r i v e r  a l r e a d y  s u f f e r s  from low f lows .  The Rakaia  is seldom c h a r a c t e r i s e d  
by n a t u r a l  low flow problems,  b u t  t h i s  would become more l i k e l y  w i t h  major 
a b s t r a c t i o n  f o r  i r r i g a t i o n .  
A4.4 P o s s i b l e  Impacts  o f  R iver  A b s t r a c t i o n  on t h e  Rakaia  Sa lmon ' s  L i f e  
Phases  
The l i f e - c y c l e  o f  t h e  salmon c a n  b e  d i v i d e d  i n t o  f o u r  s e m i - d i s c r e t e  
p h a s e s ,  each  w i t h  d i f f e r e n t  e n v i r o n m e n t a l  r e q u i r e m e n t s .  They a r e :  
1. spawning,  development ,  and e a r l y  l i f e  i n  r i v e r  g r a v e l s ,  
2. growth i n  f r e s h w a t e r  and m i g r a t i o n  downstream t o  t h e  s e a ,  
3. d i s t r i b u t i o n ,  growth and m a t u r i n g  i n  t h e  s e a ,  and 
4. homing t o  f r e s h  w a t e r  and m i g r a t i o n  upst ream.  
To s u s t a i n  o r  enhance t h e  salmon f i s h e r y  r e q u i r e s  t h e  s u c c e s s f u l  comple t ion  
o f  e a c h  phase .  The f o l l o w i n g  r e v i e w s  t h e  p o t e n t i a l  e f f e c t s  o f  i r r i g a t i o n  
development  on each  phase  o f  t h e  l i f e - c y c l e .  
Spawninq Salmon spawn i n  modera te ly  s w i f t l y  f l o w i n g  c o a r s e  g r a v e l l y  
s t r e a m s  (McDowall, 1 9 7 8 ) ,  w i t h  t h e  peak p e r i o d  on t h e  G l e n a r i f f e  t r i b u t a r y  
b e i n g  u s u a l l y  i n  A p r i l  w i t h  s i g n i f i c a n t  numbers a l s o  i n  May. Spawning i n  
t h e  main r i v e r  below t h e  Gorge is t h o u g h t  t o  be  uncommon ( J e l l y m a n ,  1982)  
and  due  t o  f r e q u e n t  f l o o d i n g  would be o f  o n l y  s m a l l  b u t  v a r i a b l e  i n p u t  t o  
t h e  f i s h e r y .  A s  i r r i g a t i o n  a b s t r a c t i o n  o c c u r s  below t h e  Gorge i t  i s  u n l i k e l y  
t o  have  s i g n i f i c a n t  e f f e c t s  on spawning c o n d i t i o n s  and e a r l y  development 
i n  g r a v e l s  a f t e r  h a t c h i n g .  
Downstream M i q r a t i o n  Depending on w a t e r  t e m p e r a t u r e  t h e  f r y  emerge 
from t h e  g r a v e l  two t o  f o u r  months a f t e r  egg d e p o s i t i o n .  O b s e r v a t i o n s  a t  
t h e  G l e n a r i f f e  Research S t a t i o n  have shown t h a t  between 9 1  and 98 p e r  c e n t  
o f  t h e  j u v e n i l e s  l e a v e  t h e  spawning s t r e a m  d u r i n g  August /October ,  s h o r t l y  
a f t e r  t h e y  a r e  c a p a b l e  o f  swimming (Unwin, 1981) .  The r e m a i n d e r  m i g r a t e  
from November onwards a s  f i n g e r l i n g s ,  w i t h  a  v e r y  s m a l l  p r o p o r t i o n  o f  y e a r l i n g s  
r e m a i n i n g  t o  t h e  f o l l o w i n g  s p r i n g .  
By a n a l y s i n g  t h e  r i n g s  on f i s h  s c a l e s  i t  is p o s s i b l e  t o  d e t e r m i n e  
how much o f  an  a d u l t  s a l m o n ' s  f i r s t  y e a r  o f  l i f e  was s p e n t  i n  f r e s h w a t e r .  
Unwin 's  (1981)  a n a l y s i s  shows t h r e e  main t y p e s  o f  salmon r e t u r n i n g  t o  t h e  
Raka ia  River  i n  t h e  f o l l o w i n g  p r o p o r t i o n s :  
1. Ocean: l i t t l e  o r  no f r e s h w a t e r  r e s i d e n c e ,  1 p e r  c e n t ;  
2. I n t e r m e d i a t e :  p a r t  o f  f i r s t  y e a r  s p e n t  i n  f r e s h  w a t e r ,  80 p e r  c e n t ;  
3. Stream: o v e r  one  y e a r  s p e n t  i n  f r e s h  w a t e r ,  20 p e r  c e n t .  
Unwin (1981)  p o s t u l a t e s  t h a t  t h e  d i f f e r e n c e  i n  s u r v i v a l  r a t e s  can  be t a k e n  
a s  i n d i c a t i n g  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  r e a r i n g  h a b i t a t  i n  d i f f e r e n t  
r e a c h e s  o f  t h e  r i v e r .  
The Rakaia River  is s u b j e c t  t o  f r e q u e n t  f l o o d i n g  d u r i n g  s p r i n g ,  and 
f i n g e r l i n g  and s m o l t  m o r t a l i t y  due t o  f l o o d s  v a r i e s  from y e a r  t o  y e a r .  
D i r e c t  c o r r e l a t i o n  between major  s p r i n g  f l o o d  e v e n t s  and t h e  r e t u r n  o f  a d u l t  
f i s h  h a s  been a t t e m p t e d  f o r  t h e  G l e n a r i f f e  Salmon t r a p  ( E g g l e s t o n ,  1 9 7 2 ) .  
These d a t a  s u g g e s t  t h a t  i n  y e a r s  o f  s e v e r e  f l o o d i n g  t h e  main c o n t r i b u t i o n  
t o  t h e  a d u l t  r e t u r n  p robab ly  comes from j u v e n i l e s  t h a t  r e a r  f o r  a t  l e a s t  
t h r e e  months i n  t h e  t r i b u t a r y  s t r e a m s  b e f o r e  e n t e r i n g  t h e  main r i v e r  (Hopkins ,  
1981) .  C l e a r l y ,  though i t  is e s t a b l i s h e d  t h a t  t h e  main r i v e r  i s  a  r e a r i n g  
a r e a  f o r  j u v e n i l e s ,  i t s  s i g n i f i c a n c e  and v a r i a b l e  c o n t r i b u t i o n  t o  r e t u r n i n g  
a d u l t  s t o c k s  i s  n o t  w e l l  u n d e r s t o o d .  A major FRD s t u d y  is  c u r r e n l t y  underway 
which s e e k s  t o  answer t h i s  q u e s t i o n  (Dav i s ,  1 9 8 2 ) .  
While f l o o d i n g  is r e c o g n i s e d  a s  p e r h a p s  t h e  major  l i m i t i n g  f a c t o r ,  
r educed  r i v e r  f lows  may a l s o  a f f e c t  salmon r e a r i n g  h a b i t a t  d u r i n g  summer 
and  autumn. Apar t  from a  predominant  d i e t  o f  mayfly l a r v a e  (Dav i s ,  1 9 7 9 ) ,  
l i t t l e  knowledge o f  t h e  m i c r o - h a b i t a t  r e q u i r e m e n t s  o f  j u v e n i l e s  i n  t h e  Rakaia  
R i v e r  is a v a i l a b l e .  For  example ,  reduced f lows  may i n c r e a s e  p r e d a t i o n  ( S c o t t  
and  Crossman, 1973) .  European s t u d i e s  ( K a l l e n b e r g ,  1958)  have shown t h a t ,  
w i t h i n  limits, t h e  sa lmonid  c a r r y i n g  c a p a c i t y  o f  a  s t r e a m  i s  de te rmined  
p r i m a r i l y  by v e l o c i t y .  Whether t h i s  is t r u e  f o r  t h e  Raka ia  can  o n l y  be 
a s s e s s e d  by d e t e r m i n i n g  t h e  j u v e n i l e  m i c r o - h a b i t a t  and r e l a t i n g  changes  
i n  i t  t o  w a t e r  a b s t r a c t i o n .  
Other  e f f e c t s  o f  low f low i n c l u d e  t h e  accumula t ion  o f  s i l t  which c a n  
c a u s e  a  l o s s  o f  i n v e r t e b r a t e  h a b i t a t ,  and i n c r e a s e d  a l g a l . g r o w t h .  An i n c r e a s e  
i n  w a t e r  t e m p e r a t u r e  o f  s m a l l e r  b r a i d s  may occur  a t  low f low p e r i o d s ,  depending 
on t h e  i n t e r a c t i o n  o f  r i v e r a n d  underground f lows .  Of s p e c i a l  impor tance  
i s  t h e  r e l a t i o n s h i p  between i n c r e a s e d  t e m p e r a t u r e ,  i n c r e a s e d  oxygen r e q u i r e -  
ments  o f  f i s h  and i n v e r t e b r a t e s ,  and t h e  r e d u c t i o n  i n  d i s s o l v e d  oxygen. 
Tempera tu res  above' l6OC s u b j e c t  f i n g e r l i n g s  t o  stress w i t h  a d v e r s e  consequences  
f o r  growth and s u s c e p t i b i l i t y  t o  d i s e a s e  ( B r y a n t ,  1 9 7 9 ) .  L imi ted  r e c o r d s  
showing s p o t  t e m p e r a t u r e s  i n  t h e  main b r a i d  o f  6-19OC, and up t o  2Z°C i n  
s i d e  b r a i d s  i n  February ,  s u g g e s t  t h a t  a b s t r a c t i o n s  o v e r  summer and autumn 
c o u l d  have a  s i g n i f i c a n t  impac t  on j u v e n i l e  q u i n n a t  s u r v i v a l  ( D a v i s ,  1 9 7 9 ) .  
Knowledge o f  t h e  e n v i r o n m e n t a l  and p h y s i o l o g i c a l  c h a n g e s  which t r i g g e r  
t h e  u r g e  t o  m i g r a t e  t o  t h e  s e a  is l i m i t e d .  The i m p o r t a n c e  o f  t h e  Rakaia 
l agoon  i n  p r e p a r i n g  s m o l t s  f o r  t h e  s t r e s s  o f  e n t r y  t o  s e a w a t e r  is n o t  under-  
s t o o d ,  a l t h o u g h  l a r g e  numbers o f  j u v e n i l e  q u i n n a t  have been obse rved  t h e r e  
i n  s p r i n g  and summer (Church &.a l . ,  1979) .  Raymond (1969)  found t h a t  t h e  
downstream m i g r a t i o n  r a t e  o f  young q u i n n a t  salmon i n  n o r t h - w e s t e r n  USA r i v e r s  
was g e n e r a l l y  d i r e c t l y  r e l a t e d  t o  s t r e a m  f low.  S u g g e s t i o n s  t h a t  reduced 
f l o w s  might  be  advan tageous  i n  d e l a y i n g  m i g r a t i o n ,  and  t h e r e b y  a l l o w i n g  
more t i m e  f o r  t h e  p h y s i o l o g i c a l  development n e c e s s a r y  f o r  s u r v i v a l  i n  s a l t  
w a t e r ,  a r e  worthy o f  i n v e s t i g a t i o n  (Church,  e t - a l . ,  1 9 7 9 ) .  
The Marine Phase N e w  Zealand q u i n n a t  salmon u s u a l l y  spend  up t o  
t h e i r  t h i r d  o r  f o u r t h  y e a r  i n  t h e  s e a .  No e v i d e n c e  e x i s t s  t o  s u q q e s t  t h a t  
t h e  s a l t  w a t e r  phase  o f  t h e  q u i n n a t  sa lmon ' s  e x i s t e n c e  limits t h e i r  p o p u l a t i o n  
i n  t h e  Raka ia  River  ( E g g l e s t o n ,  1 9 7 2 ) .  
Hominq and Upstream M i g r a t i o n  Salmon a r e  famous f o r  t h e i r  a b i l i t y  
t o  home on  t h e i r  r i v e r  and s t ream o f  o r i g i n .  Observat ions i n  New Zealand, 
however, i n d i c a t e  t h a t  up t o  10 p e r  c e n t  s t r a y  (Eggleston,  1972).  The s t a r t  
o f  t h e  r u n  a t  t h e  Rakaia Mouth u s u a l l y  commences i n  November w i t h  t h e  peak 
v a r y i n g  between January and A p r i l .  T h i s  p e r i o d  c o i n c i d e s  w i t h  i r r i g a t i o n  
a b s t r a c t i o n .  Var ious i r r i g a t i o n  o p t i o n s  i n d i c a t e  minimum r i v e r  f l o w s  cou ld  
occur  up t o  60 p e r  cen t  o f  t h e  days i n  February.  (See Chapter 2, a l s o  Appendix 
1 )  
Knowledge o f  homing and what t r i g g e r s  commencement o f  upstream m i g r a t i o n  
i n  New Zealand qu inna t  i s  v e r y  l i m i t e d ,  b u t  Egg les ton  (1972) has s t a t e d  
t h a t  more f i s h  appear t o  e n t e r  t h e  r i v e r  a t  s p r i n g  t i d e s  t h a n  a t  neap t i d e s .  
Once e n t r y  has been gained salmon cease t o  feed, t h e  d i g e s t i v e  t r a c t  degenerates 
and r e p r o d u c t i v e  organs mature (Netboy, 1974).  D e t a i l e d  knowledge o f  m i g r a t i o n  
t i m e  up r i v e r  i s  n o t  a v a i l a b l e ,  b u t  c i r c u m s t a n t i a l  ev idence ga ined  from 
f i shermen i n d i c a t e s  t h a t  t h e  passage from t h e  mouth t o  t h e  gorge p robab l y  
t a k e s  l e s s  t han  a month (Davis,  1979).  Observat ions o f  l a r g e  numbers o f  
salmon i n  deep h o l e s  i n  t h e  Rakaia R i v e r  above t h e  Gorge suggest  t h a t  t h e  
f i s h  complete t h e  ma tu ra t i on  p rocess  (an  a d d i t i o n a l  month o r  more) b e f o r e  
moving i n t o  t h e  spawning stream. 
Flow r e d u c t i o n s  migh t  r e s u l t  i n  u n s a t i s f a c t o r y  r i v e r  channe l  geometry, 
i n  t h e  Lower Rakaia R iver ,  f o r  upstream m i g r a t i n g  salmon. R i f f l e  areas 
o f  l e s s  t h a n  body depth (15-20 cm) can be major  o b s t a c l e s  and i n c r e a s e  s t r e s s  
(Docher ty ,  1979). Again, i nc reased  temperatures would a l s o  be d e t r i m e n t a l .  
A t  t h e  G l e n a r i f f e  f i s h  t r a p  tempera tu res  exceeding 16OC i n  February  have 
been a s s o c i a t e d  w i t h  a h i g h  i n c i d e n c e  o f  Sapro leqn ia  i n f e s t a t i o n  (Docherty,  
1979) .  The combinat ion o f  h i g h  wate r  temperatures,  low d i s s o l v e d  oxygen 
and i n c r e a s e d  i nc i dence  o f  d isease  c o u l d  r e s u l t  i n  s e r i o u s l y  i m p a i r e d  spawning. 
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